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Editorial on the Research Topic
 Reading acquisition of Chinese as a second/foreign language, volume II




There has been a significant increase in the number of Chinese as a Second/Foreign Language (CSL/CFL) learners worldwide, particularly over the past two decades, due to a combination of economic, cultural, educational, and technological factors. However, learning Mandarin Chinese presents unique challenges for second language learners as they face specific hurdles such as tone acquisition and the complexity of Chinese morphology and writing (Kecskés and Sun, 2017; Gong et al., 2020; Ke, 2020; Wen, 2020; Chan et al., 2022). “Reading Acquisition of Chinese as a Second/Foreign Language (CSL/CFL) – Volume II” features a collection of 11 articles that represent continuing efforts within a general behavioral and neurocognitive framework to provide informative and insightful original findings on the Research Topic (Zhang et al., 2023).

Two child-focused studies addressed early learning challenges. Chan et al. investigated Chinese character acquisition in culturally diverse second language (L2) learners, comparing 491 L2 children (aged 3 to 6) to 240 first language (L1) peers in Hong Kong kindergartens using the Chinese Character Acquisition Assessment (Chan et al., 2020). The data revealed not only L2 learners' strength in sound and meaning but also struggles with character forms, emphasizing the importance of early oral support for L2 preschoolers. Zhou and McBride examined the connection between Cantonese phonological awareness, Mandarin Pinyin invented spelling, and English spelling in multilingual first and second language Cantonese-speaking second and third graders in Hong Kong. While both groups demonstrated similar skills in Cantonese phonological awareness and Mandarin Pinyin invented spelling, L1 speakers outperformed L2 speakers in Mandarin Pinyin tone skills, suggesting phonological transfer effects in multilingual contexts.

Three studies examined cross-language influences in adult learners. Hu and Zhao investigated code-switching costs in Chinese–English relative clause processing. The results highlighted the contribution of syntactic processing, particularly in head movement during relative clause comprehension, to these costs. Yan et al. examined how bilingualism and English proficiency may influence the processing of the Chinese sentence-final particle “le.” Participants included English-dominant second language learners (L2), heritage learners, and monolingual Mandarin speakers. The study found that heritage learners showed sensitivity to semantic conditions similar to the target language, influenced by early exposure and positive cross-linguistic influence from English. This indicates that early bilingualism can shape the processing of Chinese sentence structures in heritage learners. Chai and Bao explored the influence of linguistic differences between learners' native languages (L1) and Chinese on character, vocabulary, and grammar acquisition. Using data from 58,240 Chinese as a second language (CSL) learners with diverse L1 backgrounds and proficiency levels, the study employs the World Atlas of Language Structures (WALS) index to measure linguistic distance. Results show that closer linguistic distance aids character and vocabulary acquisition across proficiency levels, but as proficiency increases, linguistic distance hinders grammar acquisition, indicating proficiency-dependent effects on CSL learners.

Three studies delve into cognitive factors in L2 Chinese reading. Yang et al. assessed 252 international students from Pakistan, Indonesia, Malaysia, and Laos and revealed that linguistic and cognitive skills account for 80% of L2 Chinese reading variation, with a significant role played by morphological awareness. Path analysis underscores the influence of these skills on reading comprehension through higher-order cognitive skills, highlighting the significance of morphological awareness in L2 Chinese reading. Feng and Jiang explored the context predictability effect (Li et al., 2022) and prediction error cost in reading, highlighting challenges and slower reading in advanced Chinese L2 learners during predictive processing. Wang et al. studied the impact of metacognition monitoring on L2 Chinese audiovisual comprehension. Findings suggest that absolute calibration accuracy significantly predicts L2 Chinese audiovisual comprehension, while relative calibration accuracy does not, emphasizing the importance of considering various aspects of metacognition monitoring in L2 learning strategies and addressing individual learner differences.

Three studies used electrophysiogical and neuroimaging methods. Liu et al. investigated how native Mandarin speakers and L2 learners process quadrisyllabic idiomatic expressions (QIEs) in Chinese. L2 learners processed high-frequency QIEs faster, while native speakers handle low-frequency ones more quickly, possibly due to semantic satiation. The fMRI data showed native speakers used the anterior cingulate for cognitive control during high- and low-frequency QIE comparisons. For comparing idiomatic and pseudo-idiomatic constructions, semantic processing in bilateral temporal poles dominated, suggesting that native speakers rely on conceptual understanding, rather than syntax, when processing Chinese idiomatic expressions. Ding et al. studied how conceptual concreteness may influence the acquisition and integration of novel words into semantic memory via thematic relations. Abstract words were harder to acquire and recall, but both concrete and abstract words integrated into semantic memory, as indicated by behavioral and ERP measures in a lexical decision task. Chen et al. investigated how Mandarin Chinese native speakers and highly proficient second language (L2) learners from South Korea process complex sentences with center-embedded relative clauses. Results showed both groups exhibited a consistent biphasic ERP waveform pattern, indicating interactive syntactic and semantic processing in Chinese. This challenges the idea of temporal and functional priority in syntactic processing found in morphologically rich languages and highlights cross-linguistic consistency.

These studies collectively contribute to a better understanding of the challenges and factors influencing reading acquisition for Chinese as a second language. They highlight the role of early reading challenges, cross-linguistic transfer, metacognition monitoring, idiomatic expression processing, thematic relations and semantic memory, linguistic distance, code-switching costs, sentence structure processing, context predictability, and the impact of heritage language exposure in the development of reading skills among L2 learners of Chinese. The findings range from uncovering neural and cognitive mechanisms to informing language teaching practices, calling for further research in this field into the intricacies of language learning, cross-linguistic transfer, and neurocognitive processes in diverse linguistic contexts.
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How linguistic distance affects second language acquisition is a major concern in cross-language transfer research. However, no study has explored how systematic differences between Chinese and learners’ native language (L1) influences Chinese character, vocabulary, and grammar acquisition, or how these influences change as Chinese proficiency improves. To address this, we employed the World Atlas of Language Structures (WALS) index method to multidimensionally quantify the linguistic distance between Chinese and L1, and examined the effect of systematic linguistic distance on acquisition of Chinese character (Quasi-Experiment 1), vocabulary (Quasi-Experiment 2), and grammatical knowledge (Quasi-Experiment 3) in Chinese as a second language (CSL) learners with elementary, intermediate, and advanced Chinese proficiency levels. We examined a random sample of 58,240 CSL learners’ test scores from 24 different L1 backgrounds, and analyzed 2,250 CSL learners’ Chinese character, vocabulary, and grammar scores in each of the three quasi-experiments. We found that closer linguistic distance facilitated more favorable Chinese character and vocabulary acquisition at elementary, intermediate, and advanced Chinese proficiency levels, and that the influence of linguistic distance on CSL learners’ vocabulary acquisition tended to decrease as Chinese proficiency increased. Finally, linguistic difference did not significantly affect CSL learners’ grammar acquisition at elementary proficiency, but as Chinese proficiency improved, an L1 interference effect occurred among CSL learners with a short linguistic distance from Chinese, which hindered grammar acquisition. These results suggest that linguistic distance has differential proficiency-dependent effects on Chinese character, vocabulary, and grammar acquisition.

KEYWORDS
 linguistic distance, Chinese proficiency, language knowledge, Chinese as a second language acquisition, cross-language transfer


1. Introduction

The role of native language (L1) in second language acquisition is a core issue in cross-language transfer research (Odlin, 1989; Ellis, 1994). Cross-language transfer is the influence of a language acquired or learned earlier on the new learning or acquisition of another language (Jarvis and Pavlenko, 2008). In a positive cross-language transfer, the acquired language promotes target language acquisition; in a negative cross-language transfer, the acquired language hinders target language acquisition (Odlin, 2001). Structuralist linguistics and behaviorist psychology assert that greater similarity between L1 and a target language facilitates target language acquisition, whereas greater differences are detrimental to target language acquisition (Lado, 1957). However, several studies have found that L1’s influence on learners’ second language acquisition is limited by several factors (Odlin, 1989; Odlin and Jarvis, 2004; Jarvis and Pavlenko, 2008), and that the extent to which L1 influences target language acquisition is not necessarily the same for learners with different target language proficiency levels (Sjoholm, 1995; Jarvis, 1998; Cenoz, 2001; Ringbom, 2007). Currently, there is no consensus on L1’s role in second language acquisition.

Linguistic distance is an important indicator of L1 and second language similarity, and thus an important independent variable in cross-language transfer studies. Many previous studies on acquiring Chinese as a second language (CSL) examined linguistic distance effects on Chinese character (Jiang, 2003; Zhang, 2017; Deng and Hu, 2022), vocabulary (Hong, 2013; Xu, 2014; Hsieh and Wang, 2020; Chai and Ma, 2022; Tang and Chan, 2022), and grammar (Yuan, 1998, 2004; Wu and Zhao, 2018; Hao et al., 2022) acquisition. Chinese comprises several subsystems, such as Chinese character, vocabulary, and grammar, that interact across levels (De Saussure, 1959). However, previous studies focused on similarities and differences in specific features of learners’ L1 and Chinese linguistics, and neglected to examine the effect of systematic differences between learners’ L1 and Chinese on language knowledge acquisition (Hao et al., 2021). In addition, the validity of extending homogeneous sample-based laboratory studies’ findings to heterogeneous environments is controversial (Cui et al., 2018; Floccia et al., 2018). Therefore, it is of considerable theoretical and practical importance to study linguistic distance effects on Chinese character, vocabulary, and grammar acquisition using a large sample in a non-laboratory setting.

Multidimensional methods for quantifying linguistic distance have developed through an in-depth intersection of linguistics, statistics, computer science, and other disciplines. Numerous studies have examined the impact of linguistic distance on CSL acquisition under heterogeneous conditions based on language test data. However, the findings concentrate on acquisition of CSL language skills at the macro level, such as speaking, reading, writing, and listening (Wang and Cui, 2018). Both language knowledge and language skills are important components of language competence (Bachman, 1990), and language knowledge is the basis for developing language skills. Ideally, higher learner language skills proficiency reflects higher language knowledge proficiency. In practice, however, language skills and language knowledge development are not perfectly synchronized, because second language acquisition is influenced by several factors, such as knowledge characteristics within the language subsystem, learning difficulty, and learners’ second language proficiency (De Jong et al., 2013; Dai, 2014). Currently, no comprehensive empirical study of large-scale, standardized language test data has investigated the impact of systematic differences between L1 and Chinese on CSL learners’ Chinese character, vocabulary, and grammar acquisition.

Considering the contested findings in theoretical and empirical studies on L1’s role in second language acquisition, and that Chinese characters, vocabulary, and grammar differ from those of alphabetic languages, previous studies’ findings are unlikely to generalize to the role of L1 in CSL learners’ language knowledge acquisition.

Therefore, this study used the Hànyu Shuiˇpíng Kǎoshì (HSK; literally translated as Chinese Proficiency Test) to measure CSL learners’ language proficiency, and systematically investigated linguistic distance influence patterns on Chinese character, vocabulary, and grammar acquisition at elementary, intermediate, and advanced proficiency, using multidimensional linguistic distance quantification. This study provides systematic and persuasive evidence in relation to current theoretical debates on cross-language transfer, and sheds light on the study of CSL acquisition and teaching.



2. Literature review


2.1. Cross-language transfer theory

Cross-language transfer is a core issue in second language acquisition field (Klein et al., 1986; Gass and Selinker, 1992). Behaviorism, cognition, and social schools differ in both their theoretical claims and empirical research findings regarding whether and how L1 influences second language acquisition (Cook and Singleton, 2014).

Behaviorism asserts that L1 is the primary cause of learners’ language acquisition difficulties and errors, with a greater difference between L1 and the target language leading to more difficulty learning the target language (Lado, 1957; Stockwell et al., 1965). However, the behaviorist viewpoint raises theoretical and empirical questions. From a theoretical perspective, many researchers argue that behaviorist theories of cross-language transfer ignore learners’ subjectivity, while viewing language acquisition as a stimulus-reflection habit-forming process (Krashen, 1985; Swain and Lapkin, 1995; Long, 1996). From an empirical perspective, numerous research findings demonstrate that cross-language differences do not necessarily lead to second language acquisition difficulties (Grauberg, 1971; Dulay and Burt, 1973), or serve as a main reason for second language acquisition difficulties (Kleinmann, 1978; Zobl, 1983; Pica, 1994).

The cognitive school’s two main branches, universal grammar theory and connectionist framework theory, emphasize the learner’s role as a cognitive subject in language acquisition (Cook and Singleton, 2014). The universal grammar theory posits two distinct views on whether L1 affects second language acquisition. One holds that universal grammar covers the second language’s initial state, and that L1 has no effect on second language acquisition (Bley-Vroman, 1990; Epstein, 1996; Platzack, 1996), while the other holds that L1 differs from the initial state of the second language, and that L1 affects second language acquisition (Schwartz and Sprouse, 1996; Vainikka and Young-Scholten, 1996). Both positions are supported by empirical studies. Different from the universal grammar theory, which emphasizes innate determinism, the connectionist framework theory holds that second language acquisition difficulty and learning speed largely depend on target language input frequency (Goldschneider and DeKeyser, 2001; Ellis, 2006), where L1 plays a role in regulating learners’ absorption of second language input. If the second language’s input information is similar to that of L1, a positive cross-language transfer occurs; if the second language’s input information differs from that of L1, a negative cross-language transfer occurs because the second language’s output is not what is expected. More importantly, at the elementary proficiency level of second language acquisition, learners usually draw on their L1 knowledge to compensate because their knowledge of the second language is not sufficient to allow them to fully express themselves. Therefore, learners at an elementary proficiency level are more likely to be affected by their L1, which also explains why second language acquisition development shows asymptotic and dynamic characteristics (Cook and Singleton, 2014).

Unlike the cognitive school, which views language as a psychological phenomenon, the sociocultural school focuses on both the influence of learners’ elements on second language acquisition and on how social and cultural aspects affect second language acquisition (Vygotsky, 1978; Ellis, 2008; Green and Abutalebi, 2013; Tong and Yip, 2015). Vygotsky’s sociocultural theory is influential in this school (Lantolf and Appel, 1994; Lantolf and Thorne, 2006), and posits that learners’ L1 serves as a mediation tool that helps them achieve their communicative purposes when learning a second language. Numerous cross-language transfer studies based on sociocultural theory also show that L1’s influence on learners’ second language acquisition varies with their second language proficiency; when learners are not proficient enough to control cognitive activity in the second language, they rely more on their L1 to complete challenging mental tasks (Frawley and Lantolf, 1985; Swain and Lapkin, 1998; Centeno-Cortés and Jiménez Jiménez, 2004).

In summary, various schools of cross-language transfer theory agree that L1 plays a role in second language acquisition (MacWhinney and Kroll, 2005). Most scholars acknowledge that cross-language transfer is a complex and dynamic cognitive process that is influenced by a variety of factors, including linguistics, psychology, and society, rather than a mechanical habit-forming process based on stimulus–response (Xu Q. et al., 2013). Therefore, L1’s role in second language acquisition needs to be examined from a systematic and developmental perspective (Larsen-Freeman, 1997; Larsen-Freeman and Cameron, 2008).



2.2. Specificity of Chinese characters, vocabulary, and grammar

Chinese characters, vocabulary, and grammar are important components of Chinese language knowledge in relation to CSL acquisition. Chinese is regarded as a difficult language to learn, which is related to both the peculiarities of the Chinese writing system, and the peculiarities of Chinese vocabulary and grammar.

Chinese characters are the written symbols of Chinese and the basis for Chinese reading and writing. CSL learners, especially those from the non-Sinosphere, often find Chinese characters difficult to learn because of fundamental differences between Chinese characters and alphabets regarding stereoscopic structure and ideographic nature (Everson, 1998; Shi and Wan, 1998). First, compared with alphabets’ linear structure, Chinese characters have a square-shaped and more complex structure. Chinese character units comprise strokes and radicals, where strokes are the characters’ smallest units, and radicals are the characters’ secondary units, composed of strokes (Fei, 1996). Although there are few basic strokes in Chinese characters, the strokes have different deformations when in different positions in Chinese characters. For example, the stroke “[image: inline1]” is “[image: inline1]” in the Chinese character “快” (kùai, quick) and is “[image: inline1]” in the Chinese character “水” (shuiˇ, water). In combining radicals into Chinese characters, the size and direction of strokes in each position also change with the radical’s position and the positional relationship between radicals. For example, the relative position and size of radical “口” in Chinese characters “扣”(kòu, button) and “器”(qì, vessel) differ. Second, Chinese characters belong to the morpheme-syllabic system, with a strong connection between form and meaning, but a poor connection with pronunciation (Tan et al., 2005). Chinese characters comprise four types: pictographic, ideographic, self-explanatory, and pictophonetic, which are all ideographic in nature. For example, the meaning of the pictographic character “刀” (daō, knife) is derived from the graphic “[image: inline1],” meaning knife; the meaning of the ideographic character “武”(wuˇ, military) comprises the meaning of two Chinese characters “止”(zhiˇ, stop) and “戈”(gē, dagger-ax), which means the cessation of war; the meaning of the self-explanatory character “刃”(rèn, blade) comprises the meaning of the pictographic character “刀” plus the indicator “[image: inline1],” which means knife blade; the pictophonetic character “湖”(hú, lake) has the semantic radical “[image: inline1],” indicating that the meaning of the character is related to water. Among the four types of Chinese characters, the pictophonetic character is the only one with a phonetic representation function (Li et al., 1992). However, the phonetic radical of the pictophonetic character can no longer accurately represent the pronunciation. For example, “触”(chù, touch) and “浊”(zhuó, muddy), which share the phonetic radical “虫” (chóng, insect), are not pronounced similarly. Chinese characters’ peculiarities make their acquisition tremendously difficult for CSL learners, especially for learners whose L1 is an alphabet script.

Vocabulary is the carrier of meaning, the key to understanding, and the basis of expression. Vocabulary knowledge includes both breadth knowledge and depth knowledge (Meara and Jones, 1988; Zareva et al., 2005; Moinzadeh and Moslehpour, 2012), where breadth knowledge refers to vocabulary size (Qian, 1999), and depth knowledge includes word aggregation relationships (such as synonymous relationships and context relationships) and combinatorial relationships (collocation relationships) (Nation, 1990). From a word aggregation perspective, first, vocabulary learning difficulties are reflected in differences in word concepts’ cognition in different languages. For example, when the Chinese use the word “鱼” (yú, fish) as a metaphor for people, it usually means dishonest, but in Russian, it means silent, and in Czech, it means robust. Second, the degree of word concept refinement differs across languages. Mandarin has a large number of synonyms, many of which have very little difference in meaning. For example: “承继” (chéngjì) and “继承” (jìchéng), both mean subsequent possession, but the former focuses on forward continuation, and the latter on backward continuation. CSL learners often struggle to grasp such subtle differences between words (Zhang, 2019). From a word combination relationships perspective, collocation knowledge reflects syntactic, semantic, and usage frequency information in the mental lexicon (Xing, 2013). Therefore, acquiring collocation knowledge includes mastering both target language collocation grammar rules and collocation words’ semantic category (Shi et al., 2021). However, each language has unique collocation rules, and many collocations are also based on various ethnic groups’ social psychology language habits, which cannot be logically explained (Yamashita and Jiang, 2010). For example, “black tea” in English corresponds to “红茶”(hóngchá) rather than “黑茶”(hēichá) in Chinese. This difference in collocations across languages poses another difficulty in CSL learners’ vocabulary acquisition.

Grammar is the organizational rule of a language; an important sign of second language mastery is mastering its grammar (Li, 2016). Chinese grammar is difficult to learn because, first, unlike Indo-European languages that use a rich variety of morphology to express grammatical relationships, Chinese is an isolated language and lacks strict morphology, so word order and function word are important means of expressing grammatical relationships (Lv, 1979). The grammatical meaning often differs according to the word order. For example, in “我看” (woˇkàn, I see) and “看我” (kànwoˇ, see me), the former indicates a subject-predicate relationship, while the latter indicates a verb-object relationship. The choice of whether to use function words, and the use of different function words, often indicates different grammatical relationships. For example, “买书”(mǎishū) is a verb-object relationship, while “买的书”(mǎideshū) is a subordinate relationship. Second, unlike in English and many other languages, Chinese has no one-to-one correspondence between word class and syntactic constituents (Zhu, 1985)—a word class can act as multiple syntactic constituents, and a syntactic constituent can also be acted on by multiple word classes. Chinese also has some syntactic peculiarities that set it apart from other subject-verb-object languages, such as prepositional phrases followed by verbs, and relative clauses placed before the head. Additionally, Chinese contains unique syntactic constructions, such as pivotal and ba-structure sentences. Therefore, Chinese grammar acquisition difficulties may vary for CSL learners with different L1 backgrounds, owing to these distinctive aspects of Chinese grammar.

However, although Chinese characters, vocabulary, and grammar have distinct characteristics, this does not mean that they are unrelated. From the perspective of Chinese language research, Chinese characters belong to the morpheme-syllabic script, meaning that Chinese characters are not only syllables that represent pronunciation, but also words or morphemes that represent meanings (Li, 2009). The integration of Chinese characters’ form, pronunciation, and meaning has exerted great influence on Chinese words’ syllable form, formation, and meaning composition. Additionally, as Chinese word construction is similar to phrase or sentence construction, syntactic structures and words share a selective restriction relationship (Shi and Yang, 2021); therefore, Chinese character, vocabulary, and grammar characteristics often influence each other. In addition, evidence from many empirical studies shows that knowledge of Chinese characters’ sublexical and grammatical features is also activated during Chinese character processing (Tsai et al., 2004; Yan et al., 2009, 2012; Tsang et al., 2017; Yeh et al., 2017; Pan et al., 2019), which indicates that CSL learners learn Chinese characters, vocabulary, and grammar simultaneously.

In sum, language systems interact across levels, and Chinese character, vocabulary, and grammar characteristics and their acquisition often influence each other. Only when CSL learners’ Chinese characters, vocabulary, and grammar are all well-developed can Chinese proficiency improve. Therefore, these three elements should not be separated when examining CSL learners’ language knowledge acquisition.



2.3. Linguistic distance and CSL acquisition


2.3.1. Qualitative linguistic distance and CSL acquisition

Linguistic distance refers to the degree of actual difference between languages and is an important independent variable in the study of cross-language transfer, expressed through intra-linguistic factors, such as phonology, vocabulary, syntax, and writing forms (Ellis, 1994; Chiswick and Miller, 2005). Linguistic distance measures include qualitative and quantitative methods. Studies on CSL acquisition have primarily used qualitative methods, such as genealogical classification and linguistic typological classifications, to examine the influence of linguistic distance on Chinese character, vocabulary, and grammar acquisition.

AS Chinese characters are unique to Chinese, previous studies have compared performance of CSL learners from the Sinosphere and the non-Sinosphere to explore the impact of linguistic distance on Chinese character acquisition. First, linguistic distance has an impact on how quickly CSL learners acquire orthographic awareness of Chinese characters. Several studies have indicated that CSL learners from the Sinosphere develop orthographic awareness more quickly than other CSL learners (Lu, 2002; Feng, 2006; Liu, 2013; Zhang, 2016; Loh et al., 2018). Second, linguistic distance affects CSL learners’ strategies for recognizing Chinese characters. CSL learners from the Sinosphere tend to memorize Chinese characters using their form, and process them using conformational structures; whereas CSL learners from the non-Sinosphere are more likely to be influenced by their L1, relying on phonological strategies to recognize Chinese characters, and processing them using strokes or radicals (Jiang, 2003; Yeh et al., 2003; Feng et al., 2005; Ke and Chan, 2017; Jiang et al., 2020). Third, evidence shows that CSL learners’ L1 orthographic characteristics affect their Chinese character writing, where CSL learners with complex visual space L1 scripts similar to Chinese characters perform better than CSL learners with linear L1 scripts (Lin and Collins, 2012; Zhang and Roberts, 2021). In addition, many studies have compared Chinese character writing and reading performance in CSL learners from different L1 backgrounds and found that Chinese character writing is more difficult than reading. As CSL learners’ Chinese proficiency improves, linguistic distance has fewer effects on Chinese character reading performance, but still has a significant effect on Chinese character writing (Jiang, 2000; Wu et al., 2006; Li et al., 2014; Zhang and Roberts, 2021).

Studies on Chinese vocabulary acquisition level have examined the impact of linguistic distance on the Chinese vocabulary performance of CSL learners from the Sinosphere and non-Sinosphere. Studies on acquiring vocabulary breadth knowledge show that CSL learners’ vocabulary size increases as their Chinese proficiency improves, but at elementary proficiency, CSL learners from the Sinosphere master significantly more vocabulary than CSL learners from the non-Sinosphere (Zhang, 2006; Luo and Duan, 2019). Studies of acquiring vocabulary depth knowledge have generated some controversy regarding vocabulary semantic acquisition. Zhang et al. (2011) compared word semantic acquisition performance of polysemous words between CSL learners from the Sinosphere and the non-Sinosphere at elementary, intermediate, and advanced Chinese proficiency levels and found no significant performance differences in CSL learners from different L1 backgrounds at any Chinese proficiency level. The authors concluded that linguistic distance had no significant effect on CSL learners’ polysemous word acquisition. By contrast, Hong and Chen (2011) found that CSL learners from both the Sinosphere and the non-Sinosphere relied on their L1 to establish L2 synonym semantic relations at elementary Chinese proficiency. Only at intermediate Chinese proficiency could CSL learners significantly acquire the ability to differentiate in lexical semantics. Wang and Hao (2014) reported similar results, finding that CSL learners first acquire knowledge of shared lexical items in both languages at elementary proficiency, and then begin to recognize target language-specific items at intermediate proficiency. The L1-specific items begin to interfere with developing a bilingual mental lexical; only at advanced proficiency do CSL learners gradually abandon the L1-specific items and reach a proficiency close to that of native speakers. Studies on vocabulary collocation knowledge acquisition show relatively consistent results. As Chinese proficiency improves, CSL learners’ vocabulary collocation competence gradually improves (Cai, 2017; Chang, 2020; Shi et al., 2021); even at advanced Chinese proficiency levels, it is influenced by CSL learners’ L1 characteristics, indicating that collocation knowledge with similar L1 and Chinese characteristics is easy to acquire, but that greater difference hinders acquisition (Cai, 2017; Luo and Duan, 2019; Chang, 2020).

Grammar acquisition studies have reported contradictory findings. Some found that similarities between CSL learners’ L1 and Chinese grammatical features promote Chinese grammar acquisition. Guo and Liu (2017) investigated Chinese word order error statistics among CSL learners with intermediate and advanced Chinese proficiency levels, isolated language, agglutinative language, and inflected language L1 backgrounds, and found that the isolated language error rates were lowest with L1 more similar to Chinese, while the inflected language error rate was highest for L1s that differed most from Chinese, indicating that higher similarities between L1 and Chinese facilitate acquisition. Hu et al. (2018) examined the written production of topic-comment constructions by elementary and advanced CSL learners from English and Japanese L1 backgrounds and found that Japanese CSL learners had higher usage rates than English CSL learners at either proficiency level, because Japanese and Chinese are topic-salient languages. Zhang (2021) examined Chinese ellipsis object sentence acquisition by CSL learners with Korean and English L1 backgrounds and also found that CSL learners from English backgrounds with similar characteristics to Chinese showed better acquisition. These findings show that cross-language transfer plays a role in grammar acquisition.

By contrast, some studies found that greater differences between L1 and Chinese better facilitate acquisition. Yuan (2004) examined Chinese negative sentences acquisition in CSL learners from native German, French, and English L1 backgrounds with different learning durations, and found no significant differences in acquisition performance at any proficiency level between CSL learners from English backgrounds whose L1 had similar negation structures to Chinese, or CSL learners from French and German backgrounds whose negation structures were different. The author suggested that this might be because German and French negative structure is quite different from that of Chinese, so it attracts learners’ attention at the beginning, and the difference is constantly strengthened in the process of learning, thus promoting CSL acquisition in learners with German and French backgrounds. Similarly, Wu and Zhao (2018) examined collocation acquisition of Chinese negation markers “不” and “没” with aspect markers “着,” “了,” and “过” by CSL learners from intermediate and advanced English, and Korean backgrounds, and also found that CSL learners from native English backgrounds notice the difference between the collocation of “不” and “没” because English lacks the two negative oppositional markers, thus facilitating acquisition. However, Yuan and Zhao (2005) examined acquisition of resumptive pronouns in Chinese relative clauses by CSL learners with English and Arabic backgrounds, and found that, despite that the use of resumptive pronouns in relative clauses is allowed in Arabic, learners with Arabic backgrounds did not show significantly higher accuracy in judgment tasks than learners with English backgrounds. The authors suggest that learners with Arabic L1 perceive a greater psycho-typological distance between Chinese and Arabic, which hinders positive transfer. Wu and Mo (2018) examined the use of ba-structure sentence among Danish and Korean CSL learners through grammar judgment and picture description tasks and found that, despite that Korean has object prepositions while Danish does not, learners with Danish backgrounds frequently used the ba-structure sentence and were more confident in their understanding of it. According to the retrospective interview, Korean and Chinese object prepositions share some characteristics, but also differ, so learners tended to employ avoidance strategies to lessen usage errors. Furthermore, several studies revealed linguistic distance’s effect on advanced CSL learners’ implicit grammatical processing from an electrophysiological perspective. Hao et al. (2022) used event-related potentials to investigate how linguistic distance affected advanced CSL learners from Indonesia and Thailand acquire Chinese “aspect” and discovered similar EEG patterns evoked by the two learner types for processing aspect violation sentences, but noted that even advanced CSL learners did not reach native speakers’ automatic processing level. These studies hold that psychological typology, learning strategies, and other factors weaken the impact of L1 negative transfer, and they do not entirely deny the role of cross-language transfer.

Linguistic distance’s influence on Chinese character, vocabulary, and grammar acquisition differs by nature and degree. The inconsistent study findings may be related to sampling differences across studies, different L1 backgrounds across studies, and studies being limited to only one language knowledge type of Chinese character, vocabulary, and grammar knowledge. Therefore, analyzing data in relation to CSL learners with larger sample sizes and richer L1 backgrounds is valuable in that it facilitates a fuller understanding of linguistic distance’s influence on CSL knowledge acquisition.



2.3.2. Quantitative linguistic distance and CSL acquisition

Qualitative linguistic distance methods identify differences between languages, but cannot identify the magnitude of the differences (McCloskey, 1998; Chiswick and Miller, 2005); therefore, qualitative methods are significantly limited in comparative studies of learners from several different L1 backgrounds acquiring the same target language. Conversely, quantitative methods determine the numerical magnitude of differences between languages, which facilitates comparing similarities between L1 and target languages and provides a feasible method for calculating linguistic distance. Five quantitative methods for measuring linguistic distance include the dummy variable method, cognate method, test assessment method, automated similarity judgment program (ASJP) edit distance method, and the World Atlas of Language Structures (WALS) index method (Wang and Yang, 2019). The dummy variable method, similar to a qualitative method, dichotomizes linguistic distances and is thus rarely used (Ginsburgh and Weber, 2014). The cognate method calculates the proportion of cognates between languages based on a core word list, but is only applicable to studies between languages within the Indo-European family (Dyen et al., 1992; Schepens et al., 2016). The test assessment method uses language test scores as a linguistic distance measure (Hart-Gonzalez and Lindemann, 1993; Chiswick and Miller, 2005), but is controversial because the results are affected by test reliability, validity, and examinees’ motivation (Van der Slik, 2010). The ASJP edit distance method is based on phonological differences in synonyms or near-synonyms between languages, where fewer conversions indicate a closer linguistic distance (Isphording and Otten, 2013). However, this method calculates the phonological distance between languages, making it more suitable for studies of dialects, languages in which pronunciation features are the main difference, or studies that focus on listening and speaking skills (Isphording and Otten, 2013; Cui et al., 2018). The WALS index method is presently the only method that calculates linguistic distance based on many aspects of language differences, including 192 linguistic features contained in the WALS online1 database, which covers 11 categories: phonology, morphology, noun category, noun syntax, verb category, word order, simple sentence, complex sentence, vocabulary, sign language, and others. Therefore, the WALS index method accurately reflects and measures real differences between major languages. It has been used in many studies that compared Chinese with other languages (Bakker et al., 2009; Lupyan and Dale, 2010; Moran and Blasi, 2014; Wang and Cui, 2018; Wang and Yang, 2019; Xu and Zi, 2020).

Studies that quantify linguistic distance to identify second language acquisition influence have primarily been conducted in the language of economics field, with results that reported macro-level effects of L1 to Chinese linguistic distance on language skill acquisition, including listening, speaking, reading, and writing, and consistently reported that shorter linguistic distances between CSL learners’ L1 and Chinese are associated with higher language skill proficiency (Isphording and Otten, 2013; Lindgren and Muñoz, 2013; Schepens et al., 2016; Cui et al., 2018). Language competence includes both language knowledge and language skills, with language knowledge being the basis for language skill development, but evidence suggests that developing language knowledge is not necessarily synchronized with developing language skills. Ding and Xiao (2016) tracked oral expressive skills’ development in Italian CSL learners and found that not all dimensions of vocabulary knowledge were developed as oral proficiency improved. Additionally, Wu (2017) found that as CSL learners’ Chinese proficiency improved, vocabulary and grammar development was not synchronized, and even showed a competitive relationship. Other studies of foreign target language acquisition have reported similar findings (Spoelman and Verspoor, 2010; Lowie et al., 2017). Moreover, the influence of L1 on language knowledge and language skills is not always the same. A meta-analysis (Jeon and Yamashita, 2014) showed that linguistic distance had a significant effect on reading comprehension, but no moderating effect on vocabulary or grammar.

Given this context, it is not possible to simply generalize the findings of studies examining macro-level language skills to the findings of studies examining micro-level language knowledge. Therefore, it is worthwhile to investigate the effect of linguistic distance on CSL acquisition by applying a quantitative method for determining linguistic distance.





3. The current study

The literature review showed that a large body of research has examined the influence of linguistic distance on Chinese character, vocabulary, and grammar knowledge acquisition among CSL learners. However, these studies limited the linguistic distance measurement to a comparison of specific features and did not systematically compare differences across languages as a whole. Nor did they systematically investigate linguistic distance’s influence on the acquisition of different language knowledge. Although they applied quantitative methods to calculate linguistic distance and examined the impact of this factor on CSL learners’ acquisition of Chinese based on language tests, they focused only on language skill levels.

Considering the connection between Chinese characters, vocabulary, and grammar, and the complex and dynamic characteristics of language acquisition, the current study used the WALS index method to calculate linguistic distance between CSL learners’ L1 and Chinese, and used HSK test data to systematically investigate the influence of linguistic distance on the acquisition of Chinese characters, vocabulary, and grammar at different proficiency levels. The findings provide systematic empirical support for the role of differences between Chinese and L1 on Chinese language knowledge acquisition.

We conducted three quasi-experiments. Quasi-Experiment 1 examined whether and how linguistic distance affects Chinese character acquisition in CSL learners at elementary, intermediate, and advanced Chinese proficiency levels. Quasi-Experiment 2 examined whether and how linguistic distance affects Chinese vocabulary acquisition in CSL learners at elementary, intermediate, and advanced Chinese proficiency levels. Quasi-Experiment 3 examined whether and how linguistic distance affects Chinese grammar acquisition in CSL learners at elementary, intermediate, and advanced Chinese proficiency levels.



4. Quasi-experiment 1


4.1. Methods


4.1.1. Participants

Data comprised a subset of a large database (gathered in 2009) that contains information on 80,506 examinees who participated in HSK tests in different regions of China. A brief and non-mandatory questionnaire collected personal background information during online HSK registration, which included basic demographic characteristics, such as gender, age, native language, and place of birth.

We excluded participants with invalid data, including those whose L1 was Chinese or a dialect, or who misfiled or omitted information, resulting in valid data from 58,240 examinees. The examinees spoke 24 L1s (M = 2,426.67 speakers per language) that, according to the WALS (Dryer and Haspelmath, 2013), belong to 11 language families (i.e., Afro-Asiatic, Altaic, Austro-Asiatic, Indo-European, Japanese, Korean, Kartvelian, Niger-Congo, Sino-Tibetan, Tai-Kadai, and Uralic).

From each group with elementary, intermediate, and advanced Chinese proficiency, we extracted for inclusion in the analysis 250 CSL learners with a short distance between their L1 and Chinese, 250 with a middle distance, and 250 with a long distance, for a total of 2,250 CSL learners for analysis, owing to the uneven database distribution of CSL learners at different Chinese proficiency levels and different linguistic distance levels (1,121 females; age range 9.70 to 61.80, mean age = 23.44 years, standard deviation = 5.96).



4.1.2. Instruments

The HSK is a national standardized test designed to measure Chinese proficiency in non-native speakers, including international students, overseas Chinese students, and students from ethnic minorities in China. The HSK test score is required for undergraduate or graduate admission to Chinese universities. It also serves as a crucial basis for some business organizations and multinational corporations in China to assess CSL learners’ Chinese communication skills when hiring employees (Meyer, 2014; Teng, 2017).

HSK development has had three stages. HSK Version 1.0 was developed and implemented by Beijing Language and Culture University (BLCU) in 1984. In 2007, BLCU released HSK Version 2.0 to better serve global promotion of the Chinese language. Since 2010, the Confucius Institute Headquarters has improved and perfected the test system and released HSK Version 3.0 (Hanban, 2011).

The study’s HSK data were collected from 78 testing centers in China in 2009. We selected these test data because BLCU has accumulated 26 years of theory and experience on this test (1984–2010), and researchers have conducted sufficient empirical studies on its reliability, construct validity, and test score equivalence to determine that the test results are a reliable indicator of CSL learners’ Chinese proficiency (Chai, 2006; Chen, 2006).

To meet different CSL learner groups’ measurement needs, the designers developed three independent tests: the Elementary HSK, the Intermediate HSK, and the Advanced HSK. The Elementary HSK is only suitable for assessing beginners’ Chinese proficiency; the Advanced HSK assesses CSL learners whose Chinese proficiency is close to that of native Chinese speakers; therefore, the number of examinees for these tests is limited. The Intermediate HSK measures the widest range of Chinese language proficiencies and has the largest number of examinees, so it provides a higher degree of Chinese language proficiency differentiation among CSL learners.

The Intermediate HSK comprises four sections: listening comprehension, grammar structure, reading comprehension, and comprehensive completion, which assess knowledge of Chinese characters, vocabulary, grammar, and listening and reading skills through nine subtests. The Intermediate HSK has a total of 170 points, including 16 for Chinese characters, 20 for vocabulary, and 30 for grammar. Quasi-Experiment 1 focused on the Chinese character subtests.



4.1.3. Variables

In Quasi-Experiment 1, the HSK Chinese character test score was the dependent variable. Two independent between-subjects variables were the linguistic distance between L1 and Chinese, and Chinese proficiency.


4.1.3.1. Chinese character test scores

The HSK Chinese character subtest measures orthographic competence by examining CSL learners’ Chinese character writing accuracy under contextual constraints. A higher score on the HSK Chinese character subtest indicates better orthographic proficiency. The Chinese character subtest took 15 min to complete. Figure 1 shows a sample HSK Chinese character subtest.
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FIGURE 1
 Sample test in the HSK character subtest.




4.1.3.2. Chinese proficiency

Chinese proficiency was grouped by total HSK score minus the Chinese character test score, to exclude the interference of Chinese character proficiency in the study results. There was a significant positive correlation between total HSK and total HSK minus the Chinese character test scores (ρ = 0.995, p < 0.001), indicating that excluding the Chinese character scores from the total HSK scores did not change the essential characteristics of the data sample structure.

Therefore, we first ranked the scores from highest to lowest, and then operationally defined the lowest one-third and highest one-third of the examinees as having elementary and advanced Chinese proficiency, respectively, and the middle one-third as having intermediate proficiency. According to this standard, we classified examinees in the full database with scores below 61 as having elementary Chinese proficiency (n = 9,493); those with scores between 62 and 107 as having intermediate Chinese proficiency (n = 33,093); and those with scores above 108 as having advanced Chinese proficiency (n = 15,654).



4.1.3.3. Linguistic distance

We computed linguistic distance between participants’ L1 and Chinese based on the linguistic structural features contained in the online WALS. First, based on 153 Chinese features, we compared feature similarities and differences between CSL learners’ L1 and Chinese. Common features of both languages were assigned 0, and different features were assigned 1. We then calculated the average value of the assignment results of each L1, with lower linguistic similarity between L1 and Chinese indicating a higher WALS value. The linguistic distance values ranged from 0.33 to 0.64 (M = 0.49, SD = 0.08). Based on the linguistic distance value ranges, we divided the 24 L1s into three equal groups; the short-distance group included participants with linguistic distance values below 0.44, the middle-distance group had values between 0.44 and 0.54, and the long-distance group had distance values above 0.54. Table 1 shows the descriptive statistics for each linguistic distance level group in the overall database sample.



TABLE 1 Participant descriptive statistics with the linguistic distance between L1s and Chinese.
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4.1.4. Data analysis

We used a two-way between-subjects ANOVA to test for a main effect of linguistic distance on Chinese character acquisition and an interaction effect between linguistic distance and Chinese proficiency. It should be noted that several authors have argued that violation of normality is not a serious problem (Sokal and Rohlf, 1995, p. 407; Zar, 2010, p. 137) in terms of the central limit theory. Some authors even argue that the normality assumption is not needed with adequately large samples (Fitzmaurice et al., 2012; Ghasemi and Zahediasl, 2012). Therefore, we used two-way between-subjects ANOVA for data analysis, even if the data did not meet the normality assumption.

We used the Sidak method to correct for significance levels when performing post hoc multiple comparisons of linguistic distance main effects, and simple effects tests for the interaction between linguistic distance and Chinese proficiency. We calculated effect sizes using partial eta squared (η2p) and classified effect sizes as very small (0–0.02); small (0.02–0.15); moderate (0.15–0.35); and large (0.35–1.0; Cohen, 1992). We considered two-tailed probability values <0.05 statistically significant.

All analyzes were performed using IBM SPSS Statistics version 26.0; data visualization was performed using the R statistical programming language.




4.2. Results

To examine whether and how linguistic distance affects Chinese character acquisition by elementary, intermediate, and advanced proficiency CSL learners, we analyzed Chinese character test scores from 2,250 CSL learners in nine groups. Table 2 shows the Chinese character test score descriptive statistics for the nine CSL learner groups.



TABLE 2 Chinese character test score descriptive statistics.
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Two-way between-subjects ANOVAs revealed a significant main effect of linguistic distance (F(2，2,241) = 51.69, p < 0.001, ηp2 = 0.044) and Chinese proficiency (F(2，2,241) = 1102.23, p < 0.001, ηp2 =0.496), with a significant interaction effect (F(4，2,241) = 2.86, p = 0.02, ηp2 = 0.005). To further explore specific differences between the groups, we conducted a simple effects test, which showed that at the elementary Chinese proficiency level, the short-distance group Chinese character scores were significantly higher than those of the middle-distance group (mean difference = 0.69, p = 0.02) and long-distance group (mean difference = 0.72, p = 0.01). Although the middle-distance group’s Chinese character scores were higher than those of the long-distance group, the difference was not significant (mean difference = 0.024, p = 1.00). At the intermediate Chinese proficiency level, the short-distance group’s Chinese character scores were significantly higher than those of the middle-distance group (mean difference = 1.36, p < 0.001); the short-distance group scores were also significantly higher than those of the long-distance group (mean difference = 1.80, p < 0.001). Although the middle-distance group’s performance was higher than that of the long-distance group, the difference was not significant (mean difference = 0.44, p = 0.23). At the advanced Chinese proficiency level, the short-distance group’s Chinese character scores were significantly higher than those in the middle-distance group (mean difference = 1.43, p < 0.001); the short-distance group’s Chinese character scores were also significantly higher than those in the long-distance group (mean difference = 1.64, p < 0.001), but there was no significant difference between the middle-distance group and the long-distance group (mean difference = 0.21, p = 0.79; see Figure 2).
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FIGURE 2
 The relationship between Chinese proficiency, linguistic distance, and Chinese character test scores.


The findings from Quasi-Experiment 1 showed how linguistic distance affected CSL learners’ Chinese character acquisition, where performance differed across the elementary, intermediate, and advanced Chinese proficiency conditions, but the short-distance group’s Chinese character performance was noticeably better than that of the middle-and long-distance groups. Therefore, differences in linguistic distance’s influence on CSL learners’ Chinese character acquisition predominately manifested between the short-and middle-distance groups, and between the short-and long-distance groups.




5. Quasi-experiment 2


5.1. Methods


5.1.1. Participants

Quasi-Experiment 2 data came from the same database as Quasi-Experiment 1. For comparable results between the two experiments, we extracted 250 CSL learners with a short distance between L1 and Chinese, 250 with a middle distance, and 250 with a long distance from each of the elementary, intermediate, and advanced Chinese proficiency groups, for a total of 2,250 individual HSK vocabulary scores for analysis (1,161 females; age range 9.90 to 67.4 years, mean age = 23.33, standard deviation = 5.85).



5.1.2. Variables

The Quasi-Experiment 2 dependent variable was HSK vocabulary test scores. The two independent between-subject variables were the linguistic distance between L1 and Chinese, and Chinese proficiency.


5.1.2.1. Vocabulary test scores

Vocabulary scores were derived from the HSK vocabulary subtests, which measure vocabulary knowledge depth and breadth, with higher HSK vocabulary scores indicating higher vocabulary proficiency. The vocabulary subtest took 20 min to complete. A sample of the test is shown in Figure 3.
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FIGURE 3
 Sample test in the HSK vocabulary subtest.




5.1.2.2. Chinese proficiency

Similar to the approach used in Quasi-Experiment 1, Quasi-Experiment 2 divided Chinese proficiency into three groups according to the total HSK scores minus the vocabulary scores. We found a significant positive correlation between total HSK score and total HSK score minus the vocabulary score (ρ = 0.996, p < 0.001). Finally, in the full database, we classified scores below 61 as elementary Chinese proficiency (n = 9,404); scores between 62 and 107 as intermediate Chinese proficiency (n = 34,041); and scores above 108 as advanced Chinese proficiency (n = 14,795).



5.1.2.3. Linguistic distance

The calculation and grouping methods for linguistic distance were the same as in Quasi-Experiment 1.




5.1.3. Data analysis

Data analysis methods and procedures were the same as in Quasi-Experiment 1.




5.2. Results

To examine whether and how linguistic distance affects Chinese vocabulary acquisition by elementary, intermediate, and advanced proficiency CSL learners, we analyzed HSK vocabulary test scores from 2,250 CSL learners in nine groups. Table 3 shows Chinese vocabulary test score descriptive statistics for the nine CSL learner groups.



TABLE 3 Chinese vocabulary test score descriptive statistics.
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Two-way between-subjects ANOVAs revealed a significant main effect of linguistic distance (F(2，2,241) = 43.41, p < 0.001, ηp2 = 0.037) and Chinese proficiency (F(2，2,241) = 2135.19, p < 0.001, ηp2 = 0.656), with a significant interaction effect (F(4，2,241) = 2.86, p = 0.02, ηp2 = 0.005).

A simple effect test showed that for elementary Chinese proficiency, the short-distance group’s vocabulary scores were significantly higher than those of the middle-distance group (mean difference = 1.13, p < 0.001), and those of the long-distance group (mean difference = 1.38, p < 0.001). However, there was no significant difference between the middle-distance and long-distance groups (mean difference = 0.25, p = 0.67). For intermediate Chinese proficiency, the short-distance group’s vocabulary scores were significantly higher than those of the middle-distance (mean difference = 1.05, p < 0.001), and long-distanc (mean difference = 1.62, p < 0.001) groups. However, there was no significant difference between the middle-distance and long-distance groups’ scores (mean difference = 0.58, p = 0.06). For advanced Chinese proficiency, there was no significant difference between the short-distance and middle-distance groups’ vocabulary scores (mean difference = 0.10, p = 0.97), but the two groups’ scores were significantly higher than those of the long-distance group (mean difference = 0.98, p < 0.001, and mean difference = 0.88, p = 0.001, respectively) (see Figure 4).
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FIGURE 4
 The relationship between Chinese proficiency, linguistic distance, and Chinese vocabulary test scores.


Quasi-Experiment 2 showed that linguistic distance affected CSL learners’ vocabulary acquisition, and that vocabulary performance differed across distance groups under the elementary, intermediate, and advanced Chinese proficiency conditions. First, the short-distance group’s vocabulary scores were significantly higher than those of the middle-distance group in the elementary and intermediate Chinese proficiency conditions, but there was no significant difference between the two groups in the advanced Chinese proficiency condition. This indicates that difference in vocabulary acquisition performance between the short-and middle-distance groups decreased as Chinese proficiency increased. Second, there was no significant difference between the middle-distance and long-distance groups in the elementary and intermediate proficiency conditions, but the middle-distance group had significantly higher vocabulary scores than the long-distance group under the advanced Chinese proficiency condition. This indicates that as Chinese proficiency improved, vocabulary acquisition performance differences between the middle-distance and the long-distance groups increased. Finally, although the difference in vocabulary scores between the short-and long-distance groups showed a decreasing trend, the short-distance group’s vocabulary scores were significantly higher than those of the long-distance group at any Chinese proficiency level.




6. Quasi-experiment 3


6.1. Methods


6.1.1. Participants

Quasi-Experiment 3 data came from the same database as the previous two quasi-experiments, and the method and number of participants were also selected in the same way as for Quasi-Experiments 1 and 2 (1,136 females; age range 11.2 to 61.9 years, mean age = 23.53, standard deviation = 5.91).



6.1.2. Variables

The Quasi-Experiment 3 dependent variable was HSK grammar scores, and the two independent between-subject variables were linguistic distance between L1 and Chinese, and Chinese proficiency.


6.1.2.1. Grammar test scores

Grammar scores were derived from the HSK grammar subtests, which measure Chinese grammar knowledge by examining grammar usage accuracy, where higher grammar subtest scores indicate higher grammar proficiency. The grammar subtest takes 30 min to complete. Figure 5 shows a grammar subtest sample.
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FIGURE 5
 Sample test in the HSK vocabulary subtest.




6.1.2.2. Chinese proficiency

Quasi-Experiment 3 grouped Chinese proficiency the same as in quasi-experiments 1 and 2. There was a significant positive correlation between total HSK score and total HSK score minus the grammar subtest score (ρ = 0.993, p < 0.001). Scores less than 56 were defined as elementary proficiency (n = 10,510); scores between 57 and 98 as intermediate proficiency (n = 33,305); and scores above 99 as advanced proficiency (n = 14,425).



6.1.2.3. Linguistic distance

The linguistic distance calculation and grouping methods were the same as in Quasi-Experiments 1 and 2.




6.1.3. Data analysis

The data analysis approach and process were the same as for Quasi-Experiments 1 and 2.




6.2. Results

To examine whether and how linguistic distance affected Chinese grammar acquisition by elementary, intermediate, and advanced proficiency, we analyzed the HSK grammar scores of 2,250 CSL learners in nine groups. Table 4 shows the grammar test score descriptive statistics for the nine groups.



TABLE 4 Chinese grammar test score descriptive statistics.
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Two-way between-subjects ANOVA revealed a significant main effect of linguistic distance (F(2，2,241) = 16.111, p < 0.001, ηp2 = 0.014) and Chinese proficiency (F(2，2,241) = 2499.552, p < 0.001, ηp2 = 0.690), and a significant interaction effect (F(4，2,241) = 3.323, p = 0.01, ηp2 = 0.006).

The simple effect test showed that the elementary proficiency group had no significant difference in grammar scores across the long-, middle-, and short-distance groups (mean difference = 0.58, p = 0.23; mean difference = 0.43, p = 0.49; mean difference = 0.15, p = 0.96, respectively). The intermediate proficiency group’s long-distance grammar scores were significantly higher than those of the short-distance group (mean difference = 1.03, p = 0.01). The middle-distance group’s grammar scores were also significantly higher than those of the short-distance group (mean difference = 0.86, p = 0.03), but there was no significant difference between the long-and middle-distance groups (mean difference = 0.17, p = 0.94). For advanced proficiency, the long-distance group’s grammar scores were significantly higher than those of the short-distance group (mean difference = 1.23, p = 0.001); the middle-distance group’s grammar scores were also significantly higher than those of the short-distance group (mean difference = 1.83, p < 0.001). Although the middle-distance group’s average score was higher than that of the long-distance group, the difference was not significant (mean difference = 0.60, p = 0.20) (see Figure 6).

[image: Figure 6]

FIGURE 6
 The relationship between Chinese proficiency, linguistic distance, and Chinese grammar test scores.


Quasi-Experiment 3 showed that linguistic distance affected CSL learners’ grammar acquisition, and that distance groups’ grammar scores were not consistent across the elementary, intermediate, and advanced proficiency groups. Under elementary Chinese proficiency, there was no significant difference in grammar scores across the distance groups. However, under intermediate and advanced proficiency, the middle-and long-distance groups’ grammar scores were significantly higher than those of the short-distance group, indicating that CSL grammar acquisition differences increased as Chinese proficiency improved, as shown between the long-and short-distance groups, and the middle-and short-distance groups.




7. General discussion

This study explored the effects of linguistic distance on CSL learners’ Chinese character, vocabulary, and grammar knowledge acquisition by Chinese proficiency level. The results fully demonstrated the complexity and dynamics of L1 difference effects in language knowledge acquisition. First, the Chinese character acquisition results showed that shorter linguistic distance between L1 and Chinese was associated with better acquisition across the elementary, intermediate, and advanced Chinese proficiency levels. Second, the vocabulary acquisition results showed that, at elementary, intermediate, and advanced proficiency levels, shorter linguistic distance between L1 and Chinese was associated with better acquisition. However, the difference in vocabulary acquisition performance between the short-and middle-distance groups gradually decreased as learners’ Chinese proficiency improved, while the difference in vocabulary acquisition performance between the long-and middle-distance groups gradually increased. Third, the grammar acquisition results showed that linguistic distance did not significantly affect CSL learners’ grammar acquisition for those with elementary Chinese proficiency, but at intermediate and advanced Chinese proficiency, longer linguistic distance was beneficial to grammar acquisition. These results indicate that only Chinese character and vocabulary acquisition support the cross-language transfer theory hypothesis; grammar acquisition does not support the theory.


7.1. Linguistic distance and Chinese character acquisition

Quasi-Experiment 1 examined linguistic distance effects on CSL learners’ Chinese character acquisition at different Chinese proficiency levels. The results showed that, for elementary, intermediate, or advanced Chinese proficiency levels, Chinese character acquisition was more favorable with a shorter linguistic distance between L1 and Chinese, but this effect was only observed between the short-and middle-distance groups and the short-and long-distance groups. There were six L1s in the short-distance group comprising Vietnamese, Thai, Korean, Indonesian, Yoruba, and Japanese individuals. Japan, Korea, and Vietnam are Sinosphere member countries, while Indonesia and Thailand are both neighbors of China. Thus, our findings are consistent with the findings of most previous studies that Chinese characters are better acquired in Sinosphere CSL learners than in non-Sinosphere CSL learners (Jiang, 2003; Feng et al., 2005; Zhang, 2017; Loh et al., 2018; Deng and Hu, 2022). This result is partially consistent with cross-language transfer theory assumptions. According to previous studies, CSL learners in short-distance groups (mainly from the Sinosphere) have a basic understanding of the rules for writing Chinese characters because their native script has Chinese character forms, and they can acquire Chinese character meanings much easier because they have more frequent exposure to Chinese culture. Therefore, short-distance CSL learners have an advantage in both Chinese character experience and literacy (Feng et al., 2005; Feng, 2006; Lin and Collins, 2012). By contrast, the middle-and long-distance CSL learners have alphabetic language backgrounds; the stereoscopic structure of Chinese characters is more complex compared to the linear structure of alphabetic characters (Everson, 1998; Shi and Wan, 1998). Additionally, literary strategies in relation to Chinese characters differ greatly from those of alphabetic characters (Tan et al., 2005). The form-phonemic connection of Chinese characters is poor; however, CSL learners from alphabetic backgrounds are often influenced by their L1 and tend to use native-like form-phonemic strategies to recognize Chinese characters (Jiang, 2003). Moreover, there is a long-standing lack of emphasis on Chinese characters when teaching CSL (Li, 2017). All these factors increase the difficulty of Chinese character acquisition for CSL learners from non-Sinosphere countries, resulting in their inability to avoid the influence of negative cross-language transfer on Chinese character acquisition, even if they reach a relatively advanced Chinese proficiency level.



7.2. Linguistic distance and Chinese vocabulary acquisition

Quasi-Experiment 2 examined the influence of linguistic distance on CSL learners’ vocabulary acquisition at different proficiency levels. The results showed that CSL learners with elementary and intermediate proficiency and short linguistic distance had a vocabulary acquisition advantage, and that CSL learners with advanced proficiency and either middle or short linguistic distance showed significantly better performance than those with a long linguistic difference. First, these results are partially consistent with the finding that shorter linguistic distance is more favorable to vocabulary acquisition, which accords with cross-language transfer theory and most previous study findings (Zhang, 2006; Cai, 2017; Luo and Duan, 2019; Chang, 2020). Previous studies have shown that, because Sinosphere L1s share many Chinese origin words and morphemes, CSL learners from Sinosphere countries have a certain awareness of Chinese morphemes and can use morphemic strategies to learn new words at the elementary stage (Hong, 2011; Xu, 2014). Shorter linguistic distance to Chinese often means more exposure to Chinese culture; since words in different languages can be linked through concepts (Zhang et al., 2011), shorter linguistic distance also means easier conceptual word linkage, which makes positive cross-language transfer easier.

Second, vocabulary scores of all distance groups significantly increased with improvements in CSL learners’ Chinese proficiency levels. Vocabulary score differences between the short-and middle-distance groups significantly decreased, but vocabulary score differences between the long-and middle-distance groups significantly increased. We believe this result reflects a difference in the linguistic distance effect on vocabulary acquisition speed for non-Sinosphere CSL learners. As the middle-distance group had a linguistic distance advantage over the long-distance group, vocabulary knowledge expansion with improved Chinese proficiency could reduce the effect of negative cross-language transfer; whereas CSL learners in the long-distance group, whose L1 differed more from Chinese, were more affected by negative cross-language transfer, requiring them to overcome more vocabulary acquisition difficulties, which resulted in significantly slower vocabulary acquisition speeds for CSL learners in the long-distance group compared to the middle-distance group. Combined with the trend (although not significant) for decreased vocabulary score differences between the short-and long-distance groups, we believe that linguistic distance’s influence on CSL learners’ vocabulary acquisition generally diminished with increased Chinese proficiency.

Additionally, in comparing the results with those of Quasi-Experiment 1, we found similarities in the effects of linguistic distance on Chinese character and vocabulary acquisition, where shorter linguistic distance between L1 and Chinese was associated with more favorable acquisition, and showed a significant acquisition advantage for Sinosphere CSL learners at any proficiency level. This is most likely a result of Chinese characters and words being similarly acquired because of their blurred boundaries (Li, 2009). However, there were also differences in linguistic distance effects on character and vocabulary acquisition. Quasi-Experiment 2 showed no significant difference in vocabulary performance between the short-and middle-distance groups for CSL learners with advanced Chinese proficiency, while Quasi-Experiment 1 showed a significant difference. Considering that the HSK Chinese character subtest examines learners’ Chinese character or morpheme writing, and the vocabulary subtest focuses on word or morpheme recognition, this result supports, to some extent, the finding that Chinese character or morpheme writing is more influenced by linguistic distance than is reading (Wu et al., 2006; Liu, 2008; Li et al., 2014). Based on previous studies, we believe that the main reason for this phenomenon is that Chinese character recognition can be accomplished by using only part of a character’s information to remember its pronunciation or meaning, so it is only necessary to break these characters down into strokes; whereas writing requires learners to recall and reproduce the characters through their pronunciation and meaning, which requires mastery of not only the character radicals, but also the smaller stroke units (Jiang, 2000; Yeh et al., 2003; Xu Y. et al., 2013; Ke and Chan, 2017). Therefore, writing Chinese characters or morphemes is more difficult, resulting in a more profound negative cross-language transfer effect on Chinese character writing.



7.3. Linguistic distance and Chinese grammar acquisition

Interestingly, Quasi-Experiment 3 showed a pattern of cross-language transfer effects that completely differed from those found in Chinese character and vocabulary acquisition. There was no significant linguistic distance effect on grammar acquisition for CSL learners with elementary Chinese proficiency. This may be because cross-language transfer is evident in early stages, but in the middle-and long-distance groups, linguistic differences’ promoting effect weakened the L1 negative transfer effects and facilitated acquisition (Yuan, 2004; Wu and Zhao, 2018). Meanwhile, numerous studies have demonstrated that elementary proficiency learners rely more on lexical semantic information than syntactic information (Clahsen and Felser, 2006, 2018; Rah and Adone, 2010); therefore, grammatical knowledge development frequently lags behind that of content meaning knowledge, such as Chinese characters and vocabulary, which may be another reason why L1 differences are unlikely to show a significant grammar acquisition effect for CSL learners with elementary Chinese proficiency.

Although linguistic distance influenced CSL learners’ grammar acquisition at intermediate and advanced proficiency levels, short distance did not contribute to grammar acquisition at these proficiency levels. In other words, short distance did not produce a positive cross-language transfer, but rather had a hindering effect.

Previous studies suggest that this result may stem from a greater difference between learners’ L1 and Chinese, which makes learners more likely to pay attention to the differences, facilitating acquisition (Yuan, 2004; Wu and Zhao, 2018); or it could be that a high degree of cross-language similarity makes learners more likely to ignore differences, making acquisition more difficult (Laufer, 1990; Ellis, 1999). This result can only occur when language features’ similarity interference effects are significantly stronger than language differences’ facilitation effects, and significantly stronger than L1 transfer effects. Additionally, with increased grammar learning content, the probability of overgeneralizing will be greater (Ellis, 1994); compared with obvious differences between learners’ L1 and target language, the probability of overgeneralizing subtle differences between learners’ L1 and target language is greater (Ellis, 1999). In other words, as Chinese proficiency improves and CSL learners are exposed to more grammatical knowledge, short-distance group CSL learners are not only subject to interference from certain grammar with highly similar features to Chinese, but also to interference from their native grammar. This may result in a longer period of confusion before learners fully master Chinese grammar. Therefore, it is reasonable to believe that enhanced interference effects of short-distance L1 on CSL learners’ grammar acquisition inhibits grammatical competence development as their Chinese proficiency improves.

Previous studies showed that avoidance strategies and psycho-typological distance weaken L1 negative transfer and result in a non-significant acquisition advantage for short-distance CSL learners. However, as the HSK is a high-risk test with objective items, examinees are less likely to use avoidance strategies. The role of learners’ perceived differences in language typology is beyond the scope of our study; these issues can be further explored in future studies.

Our study also found no significant differences in Chinese character, vocabulary, and grammar scores between different distance groups at each Chinese proficiency level, except for vocabulary scores for CSL learners with advanced Chinese proficiency. This finding indicates that linguistic distance is important for distinguishing language knowledge acquisition performance in both Sinosphere and non-Sinosphere CSL learners, but does not play an obvious role in distinguishing language knowledge acquisition performance within non-Sinosphere CSL learners. Given the lack of studies that specifically focus on differences in Chinese acquisition within non-Sinosphere CSL learners, we cannot yet offer a general explanation.

Our results show that linguistic distance has different patterns of influence on Chinese character, vocabulary, and grammar acquisition. As Ellis (1999) asserted, L1’s influence on second language acquisition is not always a one-way positive or negative process, but involves a reciprocally dynamic process (Xu Q. et al., 2013).



7.4. Differences in the influence of linguistic distance on language knowledge and language skills

Previous studies showed that shorter linguistic distances between L1 and Chinese facilitate CSL learners’ language skill development, such as listening, speaking, reading, and writing (Wang and Cui, 2018; Wang and Yang, 2019; Xu and Zi, 2020). Using HSK test data, we investigated the impact of linguistic distance between L1 and Chinese on character, vocabulary, and grammar knowledge acquisition. The results showed differences in linguistic distance’s effect on the total characteristics of three types of language knowledge, and differences in the degree of influence on three types of language knowledge acquisition at different Chinese language proficiency levels. Our findings indicate that, at least under the influence of linguistic distance, language knowledge acquisition is not consistent with language skills acquisition, because the language knowledge acquisition process is more complex (Ding and Xiao, 2016; Wu, 2017).




8. Limitations and future directions

The current study has limitations. First, the linguistic features provided by the WALS online system for calculating cross-language similarity between L1 and Chinese vary in both the number of indicators and their categories. We could only examine test data from 24 L1 backgrounds that do not differ significantly from the number of Chinese linguistic features.

Second, the study only examined acquisition performance of intermediate HSK examinees at different proficiency levels, so the results do not reflect higher proficiency learners’ acquisition characteristics. Future research using larger samples with richer L1 backgrounds is recommended.

Third, internal factors have important effects on second language acquisition, such as learners’ L1, language proficiency and acquisition age (Ellis, 1994). This study focused on linguistic distance between learners’ L1 and Chinese and Chinese proficiency level influences on Chinese learning. Future research could investigate the moderating effect of age on language knowledge acquisition under different linguistic distances and Chinese proficiency levels.2



9. Implications

To the best of our knowledge, this is the first empirical study to systematically examine the effect of linguistic distance between L1 and Chinese on Chinese character, vocabulary, and grammar knowledge acquisition by Chinese proficiency level, using HSK test data and a multidimensional quantitative linguistic distance method. The study findings have theoretical and practical implications.

From a theoretical perspective, first, this study provides additional systematic empirical evidence regarding the long-standing question about the role of learners’ LI in second language acquisition in cross-language transfer theory. Combined with linguistic distance’s varying degree of influence on each language knowledge for different Chinese proficiency levels, our findings fully reflect the complex and dynamic understanding of the cognitive and sociocultural schools of thought regarding the role of L1 in second language acquisition (Vygotsky, 1978; Ringbom, 2007). Second, our study also provides support for asymmetry in CSL learners’ Chinese character or morpheme writing and recognition development (Li et al., 2014; Zhang and Roberts, 2021). Third, this study not only provides empirical evidence for Chinese character, vocabulary, and grammar acquisition performance in CSL learners from the Sinosphere, but also provides a reference for the less-studied Chinese character, vocabulary, and grammar acquisition patterns in CSL learners from non-Sinosphere countries. Finally, our findings provide new insights into the role of CSL learners’ L1 in second language acquisition. L1 plays different roles in language skills and language knowledge acquisition, because the effects of L1 differences on language knowledge acquisition are more complex.

From a practical perspective, this study adds a new perspective to existing cross-language transfer studies that relied on specific feature comparisons to measure linguistic distance between L1 and Chinese. Second, our findings suggest that CSL teachers should pay more attention to developing learners’ Chinese character writing, and use comparative analysis methods to help learners notice minute grammatical differences. Third, we recommend that students be taught in separate classes based on whether they are from Sinosphere or non-Sinosphere countries, to improve overall teaching and learning efficiency.



10. Conclusion

Our study conducted three quasi-experiments to systematically examine the influence of linguistic distance on Chinese character, vocabulary, and grammar knowledge acquisition, and their developmental characteristics among CSL learners with different Chinese proficiency levels. For the Chinese character and vocabulary acquisition, linguistic distance’s effect on CSL learners with elementary, intermediate, and advanced Chinese proficiency levels was largely consistent with cross-language transfer theory, which assumes that shorter linguistic distance between L1 and Chinese facilitates acquisition. However, the effect of linguistic distance on CSL learners’ grammar acquisition at the elementary Chinese proficiency level was not significant, whereas the effect at intermediate and advanced proficiency levels showed a short-distance L1 interference effect. Further, as CSL learners’ Chinese language proficiency improved, the linguistic distance effect on Chinese character acquisition remained largely unchanged, while the effect on vocabulary acquisition gradually decreased and the effect on grammar acquisition gradually increased. The results show that linguistic distance has differential proficiency-dependent effects on Chinese character, vocabulary, and grammar acquisition.
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This research examined the relations among Cantonese phonological awareness, invented spelling in Pinyin (in Mandarin), and invented English spelling in 29 first language (L1) and 34 s language (L2) Cantonese-speaking second and third graders in Hong Kong. The purpose of this study was to understand how phonological awareness skills across languages are associated in multilinguals. We compared the phonological skills in the two groups (i.e., L1 and L2 Chinese speaking children) for the three official languages (i.e., Cantonese, Mandarin, and English) spoken in Hong Kong. The two groups did not differ on Cantonese phonological awareness, Mandarin Pinyin invented spelling, or English invented spelling, but the L1 group performed significantly better than the L2 group on Mandarin Pinyin tone skills, with non-verbal intelligence and grade level statistically controlled. In both groups, all three of the phonological sensitivity measures were significantly correlated with one another. With group, grade, and nonverbal IQ statistically controlled, only Mandarin Pinyin invented spelling but not Cantonese phonological awareness uniquely explained English invented spelling performance. In contrast, Pinyin invented spelling was uniquely explained by both English invented spelling and Cantonese phonological awareness skills. Results highlight some phonological transfer effects across languages.

KEYWORDS
 invented pinyin spelling, invented English spelling, Cantonese phonological awareness skills, L1 Cantonese speaking children, L2 Cantonese speaking children


Introduction

How are phonological awareness skills across different languages interrelated for multi-literacy acquisition in multilingual speakers? Nowadays, more and more children acquire multiple languages from early on across the globe. Ample research has supported the phenomenon of phonological skill transfer for linguistically close language pairs (e.g., Durgunoğlu et al., 1993), as well as linguistically distinct bilingual learning (e.g., Yang et al., 2017). These results seem to support Cummins’ interdependence hypothesis of language transfer (Cummins, 1989), i.e., that phonological transfer is reciprocated among the languages within subject. However, most previous research has targeted L2 learners who acquire English or other alphabetic languages as an L2 (e.g., French, German, or Spanish). Despite a growing population of children whose first language is alphabetic and who acquire Chinese as an L2 (Zhou and McBride, 2018), little is understood about how such phonological transfer may affect such learners. In the context of Hong Kong, ethnic minority children represented by diverse alphabetic or Akshara speakers (e.g., Urdu, Hindi, Cebuano, etc.) lack a rich Chinese language and literacy environment at home. Yet they are expected, in the same way as their L1 Chinese speaking peers, to acquire Mandarin Chinese as a second or third language. Specifically, they use Cantonese, the home language of most families in Hong Kong, as the spoken language at school, but also learn Mandarin Chinese as an L3 in spoken and written forms, along with their Cantonese-speaking peers. In the present study, we aimed to understand how phonological skills in three languages are intercorrelated for L1 and L2 Chinese-speaking children. The three languages tested were Cantonese Chinese, Mandarin Chinese, and English. For one group of participants, all three of these languages were non-native languages, leading to intriguing questions in relation to overlap in phonological processes among them.

There were two primary focuses in this study: First, we examined how phonological awareness skills through a typical receptive phonological awareness task or an invented spelling task across the three languages, respectively, are correlated within the same children. Second, the study provides some insights into similarities and differences of such intercorrelations across L1 and L2 Chinese-speaking children.


Phonological awareness skills and invented spelling in English

Invented spelling is a process by which a speller applies basic or partial conventional spelling rules for a sound representation that is auditorily perceived. As the term ‘invented spelling’ was coined originally or at least primarily for spelling in English, invented spelling in English captures children’s phonological awareness skills at the syllable and phoneme levels (e.g., Tangel and Blachman, 1992) and often serves as a gateway for reading and spelling, integrating phonological and orthographic knowledge (Invernizzi et al., 1994; McBride-Chang, 1998; Martins and Silva, 2006; Ouellette and Sénéchal, 2008; Ouellette et al., 2017; Treiman, 2018). Children’s invented spelling in English reveals the level of their understanding and creative mastery of phoneme-grapheme mapping rules (Gentry, 1982; Bear and Templeton, 1998) given the relative opaqueness of the English orthography as compared with other transparent alphabetic orthographies such as German or French. Therefore, early invented spelling is seen as a significant predictor of subsequent reading and writing abilities (Graham and Santangelo, 2014; Ouellette and Sénéchal, 2017). Invented spelling in English typically is regarded as an optimal tool for understanding children’s expressive phonological awareness skills because it requires children to demonstrate in writing explicitly how phonological representation is stored in their mind. It is also very useful for understanding lexical tone processing in Mandarin, since tonal notations are part of the Pinyin spelling process for this language. Invented spelling helps to indicate children’s progress and development in moving from experimentation of word representation in print to a later incorporation of orthographic accuracy (Richgels, 1995), rather than a pure memorization process of conventional spellings.



Mandarin pinyin as a phonological facilitation in Chinese character acquisition

Similarly, invented Pinyin spelling is an effective tool to assess children’s explicit Chinese phonological awareness skills, and a strong facilitator for L1 Mandarin speaking children’s Chinese character reading skills (Lin et al., 2010; Ding et al., 2015, 2018) and L2 learners of Chinese (Ju et al., 2021; Zhang and Roberts, 2021). It captures syllable, phoneme, and tone knowledge (Lin et al., 2010). The pinyin system is a fabricated phonological system that was designed and implemented in the 1950s to facilitate early Mandarin Chinese literacy acquisition in China in order to address the issue of a relatively high rate of illiteracy (over 80%) in the country at the time (Zhou, 2013). The pinyin system is based on the Roman alphabetic system utilizing 26 letters representing consonants and vowels that map with Mandarin Chinese sounds. The morphosyllabic system of Chinese dictates that each character is an orthographic representation of a syllable; the syllable also represents a phonological unit. For majority of Chinese characters, there is a fixed onset-rime phonological structure which is usually attached to a lexical tone.

Children from all over China start to learn Pinyin in first grade at around the age of 6, for 10 weeks consecutively. In Mainland China, the school language is consistently Mandarin Chinese (Shu et al., 2003). That means that no matter what Chinese language or dialect children are speaking at home with their parents (e.g., Cantonese or Shanghainese, or Changsha Hua), students are required to speak and use Mandarin at school with their peers and teachers. In Hong Kong, the school language is usually Cantonese Chinese although the written language (vocabulary and grammar) that children need to acquire is in Mandarin Chinese (Cheung and Ng, 2003), since Mandarin Chinese is one of the three official languages and two literacies (Cantonese, English, and Mandarin) in Hong Kong.

Pinyin is one of several effective ways of learning Chinese characters (Packard, 1990; Chung, 2007; Everson, 2009; Poole and Sung, 2015; Zhang et al., 2017) together with other character learning methods such as writing focused (Guan et al., 2011) and character recognition focused approaches (Poole and Sung, 2015). However, In Hong Kong, children often begin to learn to read and to write Chinese characters and English words without any systematic phonological instruction at age 3.5 years as a cultural practice. Chinese characters are typically mapped to the Cantonese language for young children. Mandarin, another Chinese language, is also taught early in school in Hong Kong as a second language. However, pinyin, which is explicitly mapped only to Mandarin and not to Cantonese, is typically only taught as a part of the language arts subject beginning in primary school, several years after the initiation of Chinese literacy teaching, in Hong Kong.



The similarities between the pinyin system and English spelling

Pinyin and English spelling share substantial commonalities and basic onset-rime mechanisms across their respective notation systems. There are 21 pinyin onsets, and some look the same as English consonants (e.g., b, p, f, and k). In contrast, a few pinyin onsets may look somewhat unusual in comparison to the English orthography (e.g., zh). Some sound representations are similar to those in English (e.g., d, t, s, and z), and some sound very different for the two languages (e.g., x, q, ch, and sh). There are 36 pinyin rimes, including rimes with a single vowel phoneme rime (e.g., a, o, and e), a double vowel rime (e.g., ai, ei, ao, and iong) or a rime that ends with a nasal sound (e.g., in, ing). Moreover, pinyin spelling includes a representation of lexical tone, with four basic and one neutral tones possible. Each Chinese character has its own tone attached to the syllable. Thus, each Chinese character represents a holistic syllable. To summarize, phonologically, each Chinese syllable comprises an onset and a rime, as well as a lexical tone, only; there are no consonant clusters in Chinese, as there are in English. The impact of English instruction on Pinyin spelling.

Previous research has demonstrated how acquiring English as a L2 strengthens native Chinese-speaking children’s pinyin skills (Chen et al., 2010; Ding et al., 2018). Ding et al. (2018) found that although invented Pinyin did not explain English conventional spelling in Mandarin-speaking children in Mainland China, their English invented spelling measure did explain unique variance in both their Chinese character writing and conventional English spelling performance. These researchers interpreted the English invented spelling findings as representing a linguistic transfer effect. Invented spelling indeed allows children the freedom to access their implicit knowledge of phonological representations of language or different languages in recoding sound patterns. Chen et al. (2010) found that learning English accelerates children’s pinyin skills. This research suggests a positive one-way transfer from English instruction to pinyin learning.

Up until now, research has primarily focused on native Chinese-speaking children’s pinyin knowledge. In contrast, very little is understood about the extent in which there is a transfer effect in multilingual children who are exposed to and learning Chinese as a second or third language (L2 or L3). In the present study, we aimed to obtain a comparative view of how phonological awareness skills in three languages might be associated among children living in Hong Kong. All of these children speak Cantonese as either L1 or L2. This focus can shed light on how multilingual children potentially organize their phonological system in the processes of multiple language and literacy acquisition. We examined phonological sensitivity in the form of Cantonese phonological awareness skills, as well as invented spelling in both pinyin (representing Mandarin, a prominent Chinese language) and English. As discussed below, invented spelling is a particularly sensitive way in which to capture phonological sensitivity (e.g., Mann et al., 1987; Lin et al., 2010). However, there is no such standard phonological written system available to, or at least common among, Cantonese-speaking children. Thus, our phonological sensitivity measure in Cantonese differed from the invented spelling measures in Mandarin and English, respectively.



How does mastery of the pinyin system affect Chinese-English biliteracy learning?

Teachers sometimes worry that the two systems, which are written using similar notations (i.e., most of the Roman alphabet), could potentially interfere with one another in the learning process. Among scholars focused on native Chinese children’s learning, however, there has been a stronger argument that not only does pinyin learning not interfere with the acquisition of English learning (Lü, 2017), but it may actually have a positive effect on phonological awareness skills (e.g., McBride-Chang et al., 2004; Yin et al., 2011). For example, McBride-Chang et al. (2004) speculated that Beijing children, who typically perform significantly better on phonological skills at the syllable and phoneme levels than their Hong Kong counterparts, had an advantage precisely because of the Beijing children’s pinyin knowledge. Similarly, Cheung et al. (2001) compared phonological awareness skills between Cantonese speaking children in Guangzhou, China, and Hong Kong. They found a possible advantage resulting from pinyin training in the Guangzhou children on onset, rime, and coda analyses compared with their peers in Hong Kong. In the present study, we compared pinyin knowledge in two sets of L2 Mandarin Chinese learners. One group of children are L1 Cantonese Chinese speakers, and the other group represents ethnic minorities in Hong Kong who typically speak a variety of languages used in India, Pakistan, Nepal, and surrounding areas as their home languages. The Hong Kong Chinese group also speaks a tonal language as their first language (L1), but the ethnic minority group typically speaks a non-tonal language as their L1.



Lexical tone as the Chinese phonological ‘twist’

Indeed, lexical tone sensitivity is fundamental for Chinese phonological awareness. Previous studies have highlighted the importance and close associations between tone awareness and both L1 (So and Siegel, 1997; Fu and Huang, 2000; Leong et al., 2005; Wang et al., 2005; Shu et al., 2008; Li et al., 2012; Tong et al., 2015) and L2 (Zhou and McBride, 2018) Chinese word recognition. Yin et al. (2011) argued that the stronger the pinyin knowledge, the stronger the tone awareness skills. Lexical tones in Mandarin Chinese are particularly difficult for learning Chinese as a foreign language. Yet tone sensitivity is essential for Chinese character learning given the many homophones of Chinese and meaning changes in Chinese with lexical tone changes. Zhou and McBride (2018) demonstrated that lexical tone was the weakest area of pinyin knowledge in L2 Chinese-speaking children, even when these children had been in an immersion Chinese-English classroom together with their L1 Chinese speaking peers for more than 4 years.

The present study compared native Cantonese speaking children with ethnic minority children learning Cantonese, Mandarin, and English all as second, or foreign languages. L2 Chinese speaking children in Hong Kong constitute approximately 6.4% of the Hong Kong children population (Census and Statistics Department, HKSAR, 2011). These students encounter great challenges in language and literacy development in Hong Kong public schools (Arat et al., 2016; Zhou et al., 2018). However, these children are expected to acquire Chinese and English language and literacy skills alongside their L1 Chinese speaking peers. We tested (a) the extent to which the two groups differed in phonological sensitivity across the three languages of Cantonese (via a phonological awareness task), Mandarin (via an invented Pinyin knowledge task), and English (via an invented spelling task) and (b) how these phonological sensitivity measures explained invented spelling in Pinyin and English, respectively.




Materials and methods


Participants

Second and third grade local primary school children were recruited for this study. There were 29 Cantonese Chinese-speaking children (L1) including 16 boys and 13 girls (Mean age = 93.4 months SD = 9.37 months) and 34 s language Chinese speaking ethnic minority children (L2) including 17 boys and 17 girls (Mean age = 94.0 months, SD = 5.35 months). The L1 Chinese speaking group comprised homogenous Cantonese speaking children with a Cantonese speaking home language and literacy background. Among the L2 group, the ethnicity backgrounds of the children included 14 Indian, 10 Nepalese and 10 Pakistani, respectively. For these children, Cantonese was the medium of instruction at school, English was taught as a foreign language, and Mandarin was learned and used for Chinese language arts classes in school.



Procedure

Upon receiving parental consent, we worked with the school on scheduling testing sessions for individual children. Trained psychology undergraduate students and research assistants were employed for the data collection. They administered individual testing to the children at school or at after-school centers. Both L1 and L2 Chinese speaking children were divided into two groups, with some of the students beginning with Chinese tasks first and the remaining starting with English tasks for counterbalancing.



Measures


Raven’s standard progressive matrices

Raven’s Colored Progressive Matrices B-C was used to evaluate the non-verbal reasoning of children (Raven et al., 1995). Twelve incomplete geometric figures were presented to the children one by one. For each question, children were asked to choose one pattern from among 6–8 choices in order to make the figure complete. One point was given to each correct answer and the total score for this test was 12.



Chinese word reading

This test was composed of 211-items. Twenty-seven of them were single Chinese characters, 34 of them were two-character Chinese words which were frequently used, and the remaining 150 items were two-character Chinese words from the subset of The Hong Kong Test of Specific Learning Difficulties in Reading and Writing (Ho et al., 2000). Previous research has also adopted a similar measure to access the Chinese word reading ability of children (e.g., McBride-Chang et al., 2003; Zhou and McBride, 2018). Despite the number of characters for each item, one point was given to children who answered correctly for an item. Thus, the total points possible for this task was 211.



English word reading

Previous research studies had developed a task for examining the English reading ability of children (Tong and McBride-Chang, 2010; Zhou and McBride, 2018). Due to a previous observation of some likelihood that L2 Chinese speaking children may have higher proficiency in English, for the present study, we expanded the word list based on a previous measure adopted (Zhou and McBride, 2018). According to the children’s reading ability, difficulties of word meaning and phoneme combinations, sixty-three words were selected to assess the English word reading ability of children. One point was given for each correct pronunciation, so the maximum points for this test was 63. The test was terminated immediately when the children mispronounced four consecutive words.



Chinese vocabulary knowledge

The test was divided into three subtasks to assess the knowledge of receptive vocabulary, expressive vocabulary, and vocabulary definitions of children. All the items in this section were consistent with the children’s age of acquisition and ordered according to ascending difficulty. We tested vocabulary knowledge orally only, as a point of comparison to understand oral language skills. For receptive vocabulary, there were 21 items and the experimenter presented four pictures to children for each item. Children were required to choose a picture from among the four choices which best matched the meaning of the Chinese word that was verbally presented by the experimenter in Cantonese. One point was given for each correct response. For expressive vocabulary, there were 23 items and all the pictures were obtained from the Peabody Picture Vocabulary Test-Third Edition (PPVT-III; Dunn and Dunn, 1997). Children were required to name the object or situation in Cantonese corresponding to the picture shown. One point was given for each correct response. For vocabulary definitions, there were 27 items. The experimenter spoke a word in Cantonese to children and children were required to provide the definition of this word. Children were given 0–2 points per item based on the precision of their answer. If children answered five consecutive questions incorrectly in one of the subtasks, the experimenter stopped and returned to the remaining subtasks of the test. The total score for this test was 98.



English vocabulary knowledge

Similar to the procedure described above for Chinese vocabulary knowledge testing, tasks of receptive vocabulary, expressive vocabulary and vocabulary definitions were included in the test of English vocabulary knowledge. There were 21, 23, and 26 items in each subtask, respectively. The words for this test were extracted from the PPVT-III (Dunn and Dunn, 1997). The order of the words was based on the familiarity and difficulty levels. The English vocabulary knowledge test adopted the same scoring criteria that were used for Chinese vocabulary knowledge. The total score for this test was 96.



Cantonese phonological awareness

Items tapping syllable deletion and onset deletion were the measures used to assess children’s Cantonese phonological awareness. Previous studies (McBride-Chang et al., 2005; Cheung et al., 2009) had adopted these two subtasks to assess the Cantonese phonological awareness of children. All the stimuli in this test were presented verbally. The syllable deletion task consisted of 29 items, and 15 of them were three-syllable real words while the remaining were pseudowords. Children were asked to drop one of the syllables of a word and then say what was left after removing that syllable. For instance, children were asked to say 漢堡包 /hon3/ /bou2/ /baau1/ without/baau1/. So, children needed to say漢堡 /hon3/ /bou2/ in order to receive one point. The onset deletion task consisted of 22 items, and ten of them were one-syllable real words while the remaining were one-syllable pseudowords. Children were asked to delete the first consonant of the word in each item and say the word without the initial sound. For instance, children needed to reply with /i1/ when they were told to remove the consonant of 詩 /si1/. One point was given for each correct response. Children started at the level consistent with their own grade level, and both subtasks were terminated when they reached the limit of the stopping rule. The total score for this test was 51.



Pinyin invented spelling (mandarin)

A previous study had developed this task for examining the Mandarin Pinyin invented spelling of children (Lin et al., 2010). For the present study, we also adopted a similar measure and scoring scheme. There were ten double syllable real pinyin words in the test and children were required to write down the Pinyin representation of the words that were verbally presented by the experimenter. Please see the Appendix for the list. As the verbally presented pinyin words (e.g., táng dài) were presented in the absence of a given context or sentence, these were conceptualized as appropriate for this task, since the items could be recognized as homophones of different words. With this approach, the Pinyin items were not too novel, reducing the cognitive load in processing unfamiliar sound combinations, but the items were also challenging. Relatively few words were written 100% correctly. For each pinyin syllable a child wrote down, we adopted scales for the onset (0–4 points), rime (0–4 points), lexical tones (0–3 points) and the order of Pinyin (0–1point). For scales for onset and rime, the scores were given based on the closeness of the written pinyin letter to the targeted pinyin. For example, 0 points were given if nothing was written; 1 point was given if a random letter was written down; 2 points were given if the component included a letter that was exactly or close to the target onset or rime, but had multiple irrelevant letters; 3 points were given if the component had a phonologically similar letter but not the accurate pinyin letter; 4 points were given if the component had exactly the targeted pinyin letter or letters. For the lexical tone evaluation, the correct tone was coded as 3 points and incorrect tones were coded as 1, but if nothing was written to indicate the tone, then 0 points were given. For each pinyin syllable, the maximum score was 12, so across the 20 Pinyin syllables altogether, the total possible score was 240. Based on this coding system, two variables were created, namely, (1) invented pinyin spelling in total that was inclusive of lexical tone score, and (2) the invented pinyin tone score alone.



English invented spelling

Unlike the English word dictation task, 8 pseudo words with single syllables were constructed, some of them containing digraphs and double consonants, for this task. Children were required to write the pseudo words when they heard the sounds. The scoring procedure was adopted from two previous studies on a 0–5 point scale (Mann et al., 1987; Tangel and Blachman, 1992). Children received 0 points when they did not make any response or answered the question randomly. One point and two points were allotted for each item on which children only correctly wrote the phonetically related letter(s) and initial letter, respectively; three points were given for items written in a pre-conventional manner with at least one phoneme correct; four points were given for items for which all phonemes were correctly written but in a pre-conventional manner; and five points were given for each item for which the pseudo word was correct. Thus, the total score for this test was 40.





Data analysis

A two-step statistical analysis was carried out. First, MANCOVAs were employed to determine whether there were differences between L1 and L2 groups on Chinese and English word reading related tasks. The result of Box’s test did not allow us to reject the null hypothesis of equal covariance matrices for the MANCOVA tests. We then ran a hierarchical regression to test how phonological awareness skills in the other two languages predicted English invented spelling and Pinyin invented spelling for L1 and L2 groups similarly and differently. We computed dummy variables setting L1 as the reference group and L2 as the comparison group in order to examine the similarities and differences within the same model.



Results

Multiple ANCOVAs were carried out to examine the group differences on Chinese and English word reading related measures after controlling for non-verbal intelligence and grade. There was a significant major group effect, F(1,8) = 36.6, p < 0.001. As found previously (e.g., Zhou et al., 2018; Zhou and McBride, 2018), as the test of pairwise comparisons shows in Table 1, L2 Chinese speaking children demonstrated a clear advantage in English. They performed significantly better on English word reading and vocabulary knowledge than did the L1 Chinese speaking children. L1 Chinese speaking children demonstrated an advantage in Chinese word reading and vocabulary knowledge, compared with L2 Chinese speaking children. However, the two groups performed similarly on all phonological tasks across the three languages, including Cantonese phonological awareness skills and overall invented Mandarin Pinyin skills; the only difference was Chinese lexical tones. L1 Chinese speaking children performed significantly better than the L2 children in Mandarin tone awareness skills. Therefore, it appears that lexical tone in L2 Chinese speaking children who learn Chinese as a L2 is the weakest for acquiring Chinese phonological awareness skills, echoing previous findings for L2 Chinese speaking children whose first languages are nontonal (Zhou and McBride, 2018; Table 2).



TABLE 1 Descriptive statistics of L2 Chinese speaking and L1 Chinese speaking students’ performance on Chinese and English related tasks after controlling for nonverbal intelligence and grades.
[image: Table1]



TABLE 2 Partial correlation between all the literacy related measures in L2 Chinese speaking and L1 Chinese speaking children after controlling for nonverbal intelligence and grade (L2_Left bottom up triangle/ L1_ right corner down triangle).
[image: Table2]

The correlations shown in Table 3 indicate that after statistically controlling for grade and non-verbal intelligence, Chinese word reading was significantly associated with English word reading skills (r = 0.54, p < 0.01), Cantonese phonological awareness skills (r = 0.54, p < 0.01), Pinyin invented spelling skills (r = 0.38, p < 0.05), and English invented spelling skills (r = 0.41, p < 0.05) for L2 Chinese speaking children. However, L1 Chinese speaking children’s Chinese word reading skills was negatively associated with their English word reading (r = −0.24, p < 0.05), and unassociated with phonological sensitivity in all three languages. English word reading was also significantly associated with Mandarin Pinyin invented spelling skills (r = 0.54, p < 0.01) and English invented spelling skills (r = 0.71, p < 0.01), but not with Cantonese phonological awareness skills in the L1 Chinese-speaking group.



TABLE 3 Summary of Hierarchical regression predicting English Invented Spelling of L1 and L2 Chinese speaking children.
[image: Table3]

For the L2 group, English word reading skills were significantly associated with phonological skills in all three languages [i.e., Mandarin Pinyin invented spelling skills (r = 0.66, p < 0.01), English invented spelling skills (r = 0.74, p < 0.01) and Cantonese phonological awareness skills (r = 0.52, p < 0.01)].

Phonological skills in the three languages were significantly intercorrelated in both the L1 and L2 groups. English invented spelling skills were significantly associated with Cantonese phonological awareness skills (L1: r = 0.40, p < 0.05; L2: r = 0.51, p < 0.01) and Mandarin Pinyin invented spelling skills (L1: r = 0.48, p < 0.01; L2: r = 0.55, p < 0.01). Cantonese phonological awareness skills were significantly associated with Mandarin Pinyin invented spelling skills (L1: r = 0.55, p < 0.01; L2: r = 0.45, p < 0.05).

Hierarchical regression analyses were carried out to examine how similarly and differently phonological skills in the three languages predicted the English invented spelling skills and Mandarin Pinyin Invented spelling skills for the L1 and L2 groups. We computed a dummy variable and set L1 as the reference group and L2 as the comparison group given the above-mentioned correlational differences in the groups. As shown in Table 3, the regression models revealed that for English invented spelling skills, at step 2 only the Cantonese phonological awareness skills task was a significant predictor for English invented spelling skills for both groups without considering Mandarin Pinyin invented spelling, suggesting a moderate transfer effect. After introducing Mandarin Pinyin invented spelling skills and the dummy variable of Mandarin Pinyin invented spelling skills to the regression model at step 3, only the Pinyin invented spelling skills task was a significant predictor for English invented spelling skills for both groups. For Mandarin Pinyin invented spelling skills, Cantonese phonological awareness skill was a significant predictor for both groups. English invented spelling skills and its dummy variable were entered at Stage three of the regression. Both Cantonese phonological awareness skills and English invented spelling skills were significant predictors of Mandarin Pinyin invented spelling skills, which also highlights transfer of phonological awareness skills of both Cantonese and English in learning Mandarin Pinyin skills. The two groups did not differ on how phonological awareness skills in the three languages predicted English invented spelling skills and Mandarin Pinyin invented spelling skills, respectively (Table 4).



TABLE 4 Summary of hierarchical regression predicting Mandarin Pinyin Invented Spelling of L1 and L2 Chinese speaking children.
[image: Table4]



Discussion

The present study extended our understanding of the significant correlations of phonological skills in three different languages (Mandarin, Cantonese, English) in multilingual children across at least at two levels: First, the significant positive correlations across measures of phonological sensitivity suggest a kind of shared phonological mechanism that supports languages that are closely related to each other (i.e., Mandarin and Cantonese) and the languages that are distinct from each other (i.e., Mandarin/ Cantonese Chinese and English). Our results showed that strong phonological skills in oral Cantonese Chinese were associated with strong phonological skills in Mandarin and English, respectively. Pinyin knowledge as an acquired alphabetic system that is intended to support Chinese character recognition has a positive ‘side effect’ on English phonological awareness skill. In turn, strong awareness of English phono-grapheme rules as indicated via invented English spelling was positively associated with invented Pinyin spelling.

Second, this pattern was demonstrated not only among L1 Chinese speaking children but also for L2 learners. Although L1 Chinese speaking children demonstrated a clear advantage in pinyin spelling, the patterns for both groups demonstrated that at least for older children, even for children whose first language is different from these two languages, the pinyin and English invented spellings are two distinct alphabetic notation systems, though they are relatively strongly correlated. This is perhaps particularly important for L2 language Chinese young learners whose first languages are neither Chinese nor English. Pinyin learning can perhaps serve as a bridge for them in acquiring Mandarin Chinese phonological awareness skills. Similarly, for Cantonese speaking children who learn Mandarin Chinese as a written language, not only can pinyin knowledge possibly influence their English spelling skills, and, hence, their phonological awareness skills, but it also relates significantly to their L1 Cantonese phonological skills. Given that there is no official agreed upon Cantonese phonetic system taught at school, Mandarin pinyin skills can potentially have a positive effect for Chinese literacy acquisition. One of the limitations of the present study is that the examination of Cantonese phonological awareness skills was done verbally and Cantonese lexical tones were not included in the present study due to a lack of a coherent system that is explicitly introduced in the education system in Hong Kong. Future studies could explore phonological awareness skills at different levels including lexical tones, using auditory tasks (rather than written tasks) only for the three languages.

A side note from this study that should be highlighted is the fact that, although the total phonological sensitivity measures in Cantonese, Mandarin, and English were all moderately and significantly associated with reading in English for both L1 and L2 Chinese speaking children, none of these were associated with Chinese reading for L1; however, for L2 Chinese speaking subjects, the significant associations with Chinese reading and vocabulary remained moderate to strong. A lack of associations for Chinese word reading in L1 highlights the differing demands of literacy acquisition for Chinese as compared to English (Chung and Ho, 2010). English reading relies substantially on phonology. For L2 populations, similar to the results in a previous study (Zhou and McBride, 2018), the reliance on phonological awareness skills may be the major strategy, though not sufficient enough, to acquire Chinese literacy. In the Hong Kong context, where reading is not taught using a phonological coding system, as it is for the rest of Mainland China, phonological skills may be required only in a very limited way in order to master word recognition.

Moreover, Mandarin lexical tones are clearly the most difficult aspect of Mandarin pinyin spelling to acquire for ethnic minority L2 Chinese speaking children when compared with L1 Chinese speaking children in Hong Kong. However, the comparable results between the two groups that were found for Cantonese phonological awareness, English invented spelling skills, and Mandarin pinyin, but not in Chinese word reading and vocabulary, were consistent with previous findings (Zhou and McBride, 2018) demonstrating that L1 and L2 Chinese speaking children did not differ on their phonological awareness skills in Chinese and English but did differ significantly on Chinese word reading and vocabulary. Lexical tones, which are absent in many alphabetic languages, are a critical indicator of Chinese vocabulary and word learning (Liu et al., 2010; Zhou and McBride, 2018). The complete absence of lexical tones in English and many other languages renders them more difficult for L2 Chinese speaking children to process, remember, and produce when compared with their L1 peers. The weakness in Mandarin lexical tones in the L2 children in the present study is also at least partly likely attributable to a lack of exposure and language experience in Mandarin Chinese as the school and peer language is mainly Cantonese. Mastering lexical tone may reflect overall oral language skills, which serve as a strong foundation for acquiring Chinese word reading (Zhou and McBride, 2018).

The present study aimed to explore possible transfer effects of phonological skills in English, Mandarin, and Cantonese in L1 and L2 Cantonese speaking children. In this study the identified transfer effect, both as a learning mechanism (Thorndike, 1913; Brown and Kane, 1988) and a linguistic effect (Corder, 1983; Cummins, 1989) enhanced our two understandings about phonological transfer. First, transfer evolves from implicit knowledge of one’s native language to explicit knowledge of the L2 or L3 language (Corder, 1983); in the present study, this transfer effect emerged for both L1 and L2 Cantonese speaking children, even though English is a distant language from Mandarin and Cantonese, and words in the latter two languages have simpler phonological structures (i.e., consonant and vowel or onset and rime) than that for English words. Thus, the nature of combining speech sounds together to form individual words applies across all three languages in oral form as well as in the form of invented spellings of English and Mandarin.

Despite the relatively small sample size given various difficulties in recruiting L2 Cantonese learners at this grade level, we were able to identify positive correlations between spelling and phonological awareness in three languages in L1 and L2 Chinese speaking students in Hong Kong. The present study demonstrated that acquisition of Mandarin through the pinyin system as another language for both L1 and ethnic minority children is positively associated with spelling and phonological awareness skills in other languages among multilingual Hong Kong children. Future studies should consider further examining phonological awareness skills using oral tasks across all three languages within this multilingual population. The patterns identified through the present study, which shed light on the transferability of phonological sensitivity in multilingual children, should be further explored in future work.
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Appendix I: Mandarin pinyin invented spelling list

1. bú yào

2. táng dǎi

3. bǐng gān

4. méi yǒu

5. sān gúo

6. zhī chí

7. qiǎo miào

8. lǜ sè

9. rì chū

10. jiàng xuě
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Metacognition monitoring is the ability to evaluate the cognitive process actively. L2 learners with high metacognition monitoring ability can better monitor reading processes and outcomes consciously, thus facilitating self-regulated learning and improving reading efficiency. Previous studies mostly used offline self-reports to examine the metacognition monitoring in static text reading by L2 learners. This study investigated the effects of different indicators of metacognition monitoring on L2 Chinese audiovisual comprehension by online confidence judgment and audiovisual comprehension tasks. Target measures of metacognition monitoring included absolute calibration accuracy based on video or test and relative calibration accuracy measured by Gamma or Spearman correlation coefficient. 38 intermediate-advanced Chinese learners participated in the study. Multiple regression analysis showed three main results. First, absolute calibration accuracy can significantly predict L2 Chinese audiovisual comprehension, while relative calibration accuracy has no significant effect. Second, the predictive effect of video-based absolute calibration accuracy is affected by the video difficulty, that is, the greater the video difficulty, the greater the impact on the performance of audiovisual comprehension. Third, the predictive effect of test-based absolute calibration accuracy is influenced by the language proficiency, specifically, the higher the L2 Chinese proficiency, the stronger the prediction on the performance of audiovisual comprehension. These results support a multidimensional view of metacognition monitoring by specifying how different indicators of metacognition monitoring may predict L2 Chinese audiovisual comprehension. The findings have important pedagogical implications for strategy training of metacognition monitoring and point to the necessity to take task difficulty and individual differences among learners into full consideration.
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 metacognition monitoring, measurement indicators, audiovisual reading comprehension, video difficulty, language proficiency


1. Introduction

Metacognition monitoring refers to an individual’s ability to actively assess cognitive processes, where people use appropriate and effective strategies to regulate their cognitive processes (Lin and Zabrucky, 1998). In the context of reading comprehension, metacognition monitoring is specifically concerned with the identification of difficulties and the use of strategies in the reading process, which focuses on how learners monitor their reading processes and outcomes consciously (Chen, 2009). Numerous studies have shown that metacognition monitoring has significant predictive power on the reading comprehension performance of native and L2 speakers (Garner, 1980; Maki et al., 1994; Van Gelderen et al., 2004; Taki, 2016; Silawi et al., 2020). Epstein et al. (1984) explained that learners’ self-assessment of text comprehension often does not match the actual outcomes, and cognitive illusion can affect or even hinder the whole information processing and integration to some extent. This self-assessment ability is particularly crucial in the comprehension of audiovisual multimodal texts, which involves the selection and processing of multiple information such as pictures, sounds, and texts. In addition, learners also need to integrate and evaluate the complex and dynamic information in real time to understand and interpret text meaning (Coiro, 2011; Afflerbach et al., 2015; Fox and Alexander, 2017), which poses new challenges for metacognition monitoring in multimodal text reading for second language learners.

Previous studies mainly focused on the role of metacognition monitoring on L2 reading comprehension of static texts. Van Gelderen et al. (2004) explored the metacognition monitoring strategies during L2 English reading by questionnaire surveys and showed that metacognitive knowledge significantly predicted learners’ reading comprehension performance. Taki (2016) adopted the same measure and found that metacognitive knowledge also had a significant predictive effect on Dutch L2 learners’ reading test scores. Accordingly, the above studies examined the use of explicit strategic knowledge of L2 learners mainly by offline self-reports, but Ackerman and Goldsmith (2008) argued that the basis of learning process moderation lies in continuous real-time assessment and monitoring. Obviously, it is necessary to further explore the role of metacognition monitoring on L2 reading comprehension through online test methods. In addition, it has been shown that the effect of metacognition monitoring on reading comprehension is also influenced by text difficulty and language proficiency. Kim (2014) found that text difficulty affected the metacognition monitoring strategies in English L2 online reading comprehension, and learners tended to adopt more metacognitive strategies for regulation when reading more complex texts, which had a greater impact on their reading comprehension. Furthermore, low-level L2 learners were not good at using metacognitive strategies to monitor the reading comprehension process, while high-level learners could self-assess more accurately (Han and Stevenson, 2008; Tsai et al., 2010; Míguez-Álvarez et al., 2021; Gu and Wang, 2022). It is worth mentioning that Maki et al. (2005) combined two factors of text difficulty and language proficiency. They found that English native speakers with lower language proficiency over-assessed their reading performance when reading more difficult texts, while native speakers with higher language proficiency tended to underestimate their performance. It remains to be addressed whether the predictive effect of metacognition monitoring on L2 audiovisual reading comprehension is influenced by text difficulty and language proficiency.

Related studies have also investigated the effectiveness of metacognitive abilities in Chinese L2 static text reading, mainly using think-aloud protocol (Liu, 2002), questionnaires (Wu, 2016), or interviews (Zhu and Kong, 2017). The results showed that metacognitive ability could effectively predict Chinese L2 reading comprehension performance. However, there are still some unsolved problems: (1) previous studies mainly adopted offline self-reports, and online testing methods can be conducted to explore the whole process of metacognitive monitoring; (2) metacognitive monitoring in Chinese L2 audiovisual comprehension has not yet been investigated, which may bring greater challenges to L2 learners; (3) some important factors (such as video difficulty and language proficiency) have not been examined simultaneously in previous studies. The present study aims to examine the role of metacognition monitoring on Chinese L2 learners’ audiovisual reading comprehension through online confidence judgment and audiovisual comprehension tasks and further explore the moderating effects of video difficulty and language proficiency.



2. Measuring metacognition monitoring

How to measure metacognitive monitoring effectively has become an essential issue in academic circles. Thiede et al. (2011) also argued that the influence of metacognition monitoring on learning outcomes cannot be emphasized enough, but it is how to be measured that is critical. Throughout previous research, the measures of metacognition monitoring in reading comprehension have consisted of two main categories: first, having learners make direct self-reports stating their use of strategic knowledge during reading (Block, 1992; Kroll and Ford, 1992; Zabrucky and Commander, 1993); and second, requiring learners to make real-time self-assessment, thus comparing the difference between learners’ self-ratings and their actual performance (Maki et al., 1994; Lin and Zabrucky, 1998; Lin et al., 2001; Sarac and Tarhan, 2009; Kasperski and Katzir, 2013). The former mainly uses offline self-reports to retrace the use of strategic knowledge during reading, while the latter focuses on the self-assessment ability during reading. Pieschl (2009) defines calibration as the accuracy of the learners’ perception of his or her own performance, that is, the ability to assess comprehension accurately. The researchers asked the participants to make a confidence judgment during the reading process to self-assess their reading situation, and calculate the calibration bias, which is the difference between the self-assessed correct rates and the actual ones (Glenberg and Epstein, 1987; Pressley and Ghatala, 1988; Zabrucky et al., 2009; Lin and Yu, 2015).

There are many different accounts of the actual measurement of metacognition monitoring in reading comprehension. It has been discussed extensively whether metacognition monitoring can effectively predict reading comprehension performance. From the perspective of the monitoring object, metacognition monitoring is divided into two types: text-based and test-based dimension. Specifically, text-based metacognition monitoring refers to the learners’ self-assessment of text comprehension after reading the text and before taking the test, i.e., pre-test confidence judgment; in contrast, test-based metacognition monitoring refers to the learners’ self-assessment of test performance after reading the text and completing the test, i.e., post-test confidence judgment (Lin and Zabrucky, 1998; Lin et al., 2001; Pieschl, 2009). Maki et al. (1994) showed that reading comprehension was significantly correlated with test-based metacognition monitoring, but not with text-based ones. Post-test confidence judgments are indeed more accurate than pre-test ones, because the post-test judgments could provide learners with more information to understand the test itself and thus better predict their actual performance (Pieschl, 2009). However, Zabrucky et al. (2009) found that both text-based and test-based metacognition monitoring were significantly associated with learners’ reading comprehension performance. In summary, the predictive effect of text-based metacognition monitoring on reading comprehension is widely divergent and needs further verification.

In addition, metacognition monitoring can be divided into two types according to the differences in statistical methods: (1) Absolute Calibration Accuracy (also known as Calibration Bias) refers to the absolute difference between the learners’ self-assessment and actual performance; the greater the absolute value of the subtraction between the two, the greater the gap between the learners’ self-assessment and actual performance; (2) Relative Calibration Accuracy (also known as Resolution) refers to the extent to which learners’ self-assessment scores reflect their actual reading comprehension scores, by calculating the correlation between the two correct rates. Higher correlation coefficients indicate greater agreement between learners’ self-assessment and actual performance (Dunlosky and Thiede, 2013). These two calculations of metacognition monitoring are statistically independent of each other, and a high absolute calibration accuracy of learners does not mean a high relative calibration accuracy and vice versa (Koriat et al., 2002; Maki et al., 2005; Griffin et al., 2009). The multidimensional view of metacognitive monitoring argues that different indicators of metacognitive monitoring have different predictive effects on reading comprehension, both in terms of monitoring objects and statistical methods, and opposes the one-dimensional view that confuses all indicators (Moore et al., 2005; Chen and Li, 2008; Hadwin and Webster, 2013). Hadwin and Webster (2013) suggested that relevant researchers should use both measures of metacognition monitoring in their actual studies to explore the relationship between the different indicators of metacognition monitoring and reading comprehension.

The present study focuses on the metacognition monitoring of L2 Chinese audiovisual reading comprehension and examines the following four measures: (1) video-based absolute accuracy, the absolute difference between learners’ self-assessment of video comprehension and their actual performance after watching the video and before taking the test; and (2) test-based absolute accuracy, the absolute difference between learners’ self-assessment of their performance on the test items and their actual performance after watching the video and completing the test; and (3) test-based relative accuracy measured by Gamma, the correlation coefficient between learners’ self-assessment of their performance on the test items and their actual performance after watching the video and completing the test; and (4) test-based relative accuracy measured by Spearman, the correlation coefficient between learners’ self-assessment of their performance on the test items and their actual performance after watching the video and completing the test. Considering the four indicators of metacognition monitoring, this study will further investigate the following two questions:

1. Do the four indicators of metacognition monitoring have a significant predictive effect on the performance of L2 Chinese audiovisual reading comprehension?

2. Is the predictive effect mediated by video difficulty and Chinese language proficiency?



3. Materials and methods


3.1. Participants

The participants were 38 undergraduate students studying Chinese at a university in Beijing (18 male, 20 female; mean age = 21.53, SD = 2.05). All the participants were native Korean speakers and had studied Chinese for a mean of 6.81 years (SD = 3.65). They were intermediate and advanced Chinese L2 learners, with an average score of 25.47 (SD = 3.07, ranging from 19 to 30) in the fixed-ratio cloze test (full score: 30, Feng et al., 2020). The participants had no medical history of learning disabilities, attention deficit, hearing or visual impairment. They were recruited through experimental advertisements, gave informed consent to participate in the experiment, and were paid after the experiment.



3.2. Measures


3.2.1. Language proficiency test

In order to ensure the validity and immediacy of the test results, we did not use the participants’ acquired HSK scores as the basis for measuring their language proficiency, whereas we remeasured the participants’ Chinese language proficiency from both subjective and objective perspectives: (1) Language proficiency self-assessment questionnaire. For the subjective measures, we used the Chinese translation of the Language Experience and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007). In addition to the Chinese language learning experience survey, the participants rated their Chinese language proficiency (on a 10-point scale) in four areas: listening, speaking, reading, and writing. We used the total score of the four items as the language proficiency self-ratings. (2) Fixed-ratio cloze questions. For the objective measures, we adopted the Chinese proficiency test developed by Feng et al. (2020), which required participants to complete a test of 30 fill-in-the-blanks within 15 min. If participants could not complete or fill in the blanks incorrectly, they were counted as errors (0 points), and the test had a total score of 30 points. The final score of the test is the number of correct answers (Cronbach’s alpha = 0.71). The Pearson correlation coefficient between the subjective and objective measures of Chinese language proficiency in this experiment was 0.602 (p < 0.001), indicating a strong correlation. This study followed Silawi et al. (2020) in selecting a more accurate objective measure for data analysis.



3.2.2. Metacognition monitoring tasks

Participants were required to make confidence judgments before and after the test to further calculate the metacognition monitoring of the video and the test dimension. (1) Prediction confidence judgments. After watching the video and before taking the test, participants were asked, “How accurate do you think you will be when responding to comprehension questions regarding the video you have just watched?” They made judgments using a five-point scale ranging from 0 to 100% (Ackerman and Goldsmith, 2011; Silawi et al., 2020). (2) Postdiction confidence judgments. After completing each question of the video comprehension test, participants were asked, “How confident are you that you selected the correct answer?” These questions were also answered using a five-point scale from 0 to 100%.



3.2.3. Video comprehension test

Participants watched three videos in Chinese on a computer screen, each followed by five multiple-choice questions, which consisted of two detail questions, two inference questions, and one topic question (Cronbach’s alpha = 0.66). The videos and test questions were adapted from China Focus, a set of comprehensive language textbooks designed specifically for L2 Chinese audiovisual and speaking courses. Three videos were selected for this experiment as practice video (1 min), test video 1 (3 min), and test video 2 (3 min). To control the difficulty of the videos, we revised the vocabulary and sentence patterns of the original videos and analyzed the difficulty of the revised texts with the assistance of the Chi-Editor, which is designed to provide CSL teachers with difficulty grading and intelligent adaptation of reading texts and contains three core modules: text rating, word annotation, and word archive (Jin et al., 2018). The results showed that the text difficulty of the practice video is the medium level (2.42), and the text length is 130 words; the text difficulty of test video 1 and video 2 are the medium level (2.01) and the high level (3.04) respectively, and have the same text length of 607 words. On this basis, we hired a professional dubbing artist (National Mandarin Proficiency Test Level 1B) to re-dub the videos and added subtitles (Song font 4, white on black background) to the three videos using the professional video editing software Premiere. At the end of all tests, participants were asked to answer the following question: “Which of the two previous videos did you find more difficult?” The options were “Test video 1”, “Test video 2”, and “Same difficulty”. The results showed that 89.47% (34/38) of the participants thought that test video 2 was more difficult.

The three videos used in this experiment are all character documentaries. The practice video is selected from China Focus: Inspirational Section (Wang, 2016a), initially titled The Podium of Life, which is about disabled table tennis coaches. Test video 1 is selected from China Focus: Professional Section (Wang, 2016b), initially titled Beijing Cabbie, which is about Beijing taxi drivers. Test video 2 is from China Focus: Arts Section (Wang, 2017), originally titled Make the Future Better, which is about the founder of Meitu Xiu Xiu software. At the end of the experiment, it was revealed through the interviews that the participants had never watched the above three videos before. They were familiar with the themes of the three videos to a similar extent.




3.3. Procedures

Due to the epidemic, the participants could not come to the laboratory for the experiment, so all experiments in this study were completed online. Before the formal experiment, each participant filled out a questionnaire with basic information, including age, gender, education, duration of Chinese language learning, HSK level and score, etc. They then completed two online tests of language proficiency self-assessment questionnaire and fixed-ratio cloze questions. To ensure participants’ concentration and freedom from outside interference during the experiment, they were required to conduct the experiment in a quiet space. The formal experiment was conducted on the Tencent conference platform, and their computer screens had to be shared with the experiment implementer in full screen throughout the experiment. The formal experiment consisted of two parts, that is, the practice session and the test session. Participants first watched the video online and comprehended its content. Before taking the test, they were given the prediction confidence judgment on how well they understood the video. Afterwards, they were asked to carefully complete five multiple-choice questions, each of which was presented on a single screen. Immediately after making their choice, they would assess how likely they were to get the question right and then move on to the next test question until the test was completed. With the exception of the practice session, neither the videos nor the test questions were allowed to be re-watched or redone. After viewing each video and completing the corresponding test questions, participants were given a 15 sec break. The experimental results were mainly recorded for the correctness rate of test questions and the participants’ confidence judgment scores for each video and each test question. The specific experimental procedures and materials are available at the link: https://www.wenjuan.ltd/s/3umUZzA/.



3.4. Data analysis

Multiple regression analysis was conducted to examine the influence of metacognition monitoring on L2 Chinese audiovisual reading comprehension using the lm package in the R runtime environment (R version 4.0.3; R Core Team, 2020). The dependent variable of the model was the audiovisual comprehension performance, i.e., the actual percentage of correct responses to the multiple-choice questions in the formal experimental video, and the following fixed effects were included in the model: (1) Chinese language proficiency: fixed-ratio cloze test scores; (2) video difficulty: test video 1 is an easy video and test video 2 is a more difficult video; (3) video-based absolute accuracy: the absolute value of the self-assessed correctness rate minus the actual correctness rate for each video; (4) test-based absolute accuracy: the absolute value of the self-assessed correctness rate minus the actual correctness rate for each test question; (5) test-based relative accuracy measured by Gamma: the Gamma correlation coefficient between the self-assessed and actual correctness rate of five test questions in each video; (6) test-based relative accuracy measured by Spearman: the Spearman correlation coefficient between the self-assessed and actual correctness rate of five test questions in each video. Video difficulty was a categorical variable, and the rest were continuous variables. The optimal multiple linear regression model can be fitted better if there is a certain correlation between the independent variables and the dependent variable (correlation coefficient is greater than 0.3) and the correlation between each independent variable is not too high (correlation coefficient is less than 0.7) (Pallant, 2007). Therefore, we conducted the bivariate correlation analysis and eliminated the independent variables that were not strongly correlated with the dependent variable or had multicollinearity each other before establishing the regression model.




4. Results


4.1. Preliminary analyses

Descriptive statistics and correlation analyzes are shown in Table 1. Among the four indicators measuring metacognition monitoring, there was a significant positive correlation between video-based and test-based absolute accuracy, and the two indicators of relative accuracy showed a highly positive and significant correlation. The correlation between the two relative indicators was more significant than that between the two absolute indicators. The correlations between all variables were less than 0.7. In terms of the correlation between the independent and dependent variables, there was a significant negative correlation between video-based absolute accuracy and audiovisual comprehension performance, and a borderline significant correlation between Chinese language proficiency and audiovisual comprehension performance. Univariate linear regressions were conducted on the dependent variable of audiovisual comprehension performance using each of the four indicators as the independent variable. The results showed that both two indicators of relative accuracy were not significant. Based on the data from this study, neither of the two relative indicators significantly predicted the audiovisual comprehension performance, so the model data for the absolute accuracy of metacognition monitoring were mainly reported below.



TABLE 1 Descriptive statistics and correlation matrix.
[image: Table1]



4.2. Multiple regression analyses

The results of the multiple regression model with video-based absolute accuracy as the independent variable are shown in Table 2. The main effect of video-based absolute accuracy was marginally significant (β = −0.52, SE = 0.27, t = −1.94, and p = 0.056), indicating that larger absolute accuracy seemed to be associated with poorer audiovisual comprehension performance. The effect of video difficulty was significant (β = −97.85, SE = 37.37, t = −2.62, and p = 0.011), with the more difficult the video, the worse the comprehension performance. Importantly, we found a significant interaction effect between video-based absolute accuracy and video difficulty (β = −0.97, SE = 0.31, t = −3.17, and p = 0.002), with the follow-up contrasts demonstrating the greater the video difficulty, the greater the effect of video-based absolute accuracy on audiovisual comprehension performance. The effect of Chinese language proficiency was not significant (β = −0.17, SE = 1.00, t = −0.17, and p = 0.863), but the interaction effect of video difficulty and Chinese language proficiency was significant (β = 3.42, SE = 1.43, t = 2.40, and p = 0.019); specifically, the effect of Chinese language proficiency on audiovisual comprehension performance was enhanced with the increase of video difficulty.



TABLE 2 Multiple regression of audiovisual comprehension performance based on video-based absolute accuracy.
[image: Table2]

A similar set of multiple regression analyzes were also conducted with test-based absolute accuracy as the independent variable (see Table 3). Test-based absolute accuracy contributed significantly to audiovisual comprehension performance (β = −2.98, SE = 1.17, t = −2.55, and p = 0.013), with the higher the deviation value of the self-assessment, the worse the audiovisual comprehension performance. The main effect of video difficulty was also significant (β = −34.20, SE = 7.62, t = −4.49, and p < 0.001), which indicated the more difficult the video, the worse the audiovisual comprehension performance. Chinese language proficiency was not a significant predictor in the model (β = −0.87, SE = 1.18, t = −0.73, and p = 0.467), while the interaction effect of test-based absolute accuracy and Chinese language proficiency was significant (β = 0.14, SE = 0.04, t = 3.10, and p = 0.003). Further comparisons revealed that the effect of test-based absolute accuracy on audiovisual comprehension performance increased with the improvement of Chinese language proficiency. The model yielded no significant interaction between test-based absolute accuracy and video difficulty (β = −0.29, SE = 0.38, t = −0.77, and p = 0.442).



TABLE 3 Multiple regression of audiovisual comprehension performance based on test-based absolute accuracy.
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5. Discussion


5.1. The predictive effect of metacognition monitoring on L2 Chinese audiovisual reading comprehension

The Self-regulation Learning Theory suggests that learners need to monitor their learning in real time to see if they reach their predetermined goals (Zimmerman and Schunk, 2001), emphasizing the role of metacognition monitoring in individual learning. Our findings showed that metacognition monitoring effectively predicts L2 Chinese audiovisual reading comprehension, which are consistent with those of Chinese L2 static text reading studies (Liu, 2002; Zhu and Kong, 2017). In this study, intermediate and advanced Chinese L2 learners could make appropriate self-assessment of audiovisual reading comprehension. Specifically, the test-based absolute accuracy is a better predictor of L2 Chinese audiovisual comprehension performance than the video-based absolute accuracy, consistent with studies of native speakers (Lin et al., 2001; Pieschl, 2009; Zabrucky et al., 2009). Both two absolute indicators derived by confidence judgment task represent the absolute difference between self-assessment and actual performance. Still, their connotations reflect different psychological features of metacognition monitoring, where the temporal dimension of making confidence judgments appears to be particularly important. In the first confidence judgment, participants need to estimate the expected comprehension performance before being exposed to the test. In contrast, in the second confidence judgment, they can integrate both text and test information to assess their actual performance and obviously can obtain more additional clues to help them make more accurate judgments. In addition, Sarac and Tarhan (2009) showed that English L2 learners made more accurate self-assessments based on their test performance but were unable to accurately assess their own comprehension of the text, which the authors attributed to a lack of discourse knowledge. Although the participants in this study were all intermediate to advanced learners who may have been familiar with most of the Chinese words and grammar in the videos, they had difficulty in following up on the video story in a specific organizational development way. Moreover, new information and new ideas emerged in real time. Therefore, it was difficult to make accurate judgments based solely on the videos.

The present study did not find significant predictive effects of the two relative indicators of metacognition monitoring on L2 audiovisual reading comprehension, which may indicate that the practical predictability of the relative indicators is less stable (Ackerman and Goldsmith, 2011). Masson and Rotello (2009) also found that Gamma coefficients computed from simulated sample data would reflect variation due to item bias rather than actual accuracy. These artifactual effects tend to be exaggerated in unequal variance distributions. In the case of this study, it may also be due to two reasons: on the one hand, the Gamma and Spearman coefficient are both calculated based on fixed-order variables, and the existence of missing values in the actual calculation process resulted in the relative indicators not being able to reflect the correlation between self-assessment and actual performance (Wiley et al., 2016); on the other hand, the relatively small number of test questions, with only five questions per video, may affect the stability and sensitivity of these coefficients (Spellman et al., 2008). Some researchers have also argued that we must be cautious in using relative indicators for metacognition monitoring in practical applications because their practical predictability may be affected by factors such as sample distribution, missing calculations, and the number of items (Masson and Rotello, 2009; Ackerman and Goldsmith, 2011).

It is worth mentioning that the four indicators of metacognition monitoring were examined comprehensively in this study, and there were differences in the predictive effects on audiovisual comprehension performance. Explicitly speaking, test-based absolute accuracy could significantly be predicted audiovisual comprehension performance and video-based absolute accuracy had weaker predictive power, while the two relative indicators did not have significant predictive effects. The above results provide support for the multidimensional view of metacognition monitoring (Moore et al., 2005; Chen and Li, 2008; Hadwin and Webster, 2013), demonstrating that the validity and stability of metacognition monitoring indicators vary, whether they are video-based or test-based, absolute or relative. Their practical predictability still need to be further examined in the context of specific experimental scenarios and instruments. Therefore, a one-dimensional view that simply handles different indicators without being distinguished should be opposed.



5.2. Real-time measures of metacognition monitoring and L2 audiovisual reading comprehension

Previous studies have focused on the role of metacognition monitoring in static text comprehension. In contrast, this study examined metacognition monitoring in L2 audiovisual reading comprehension using real-time measures, demonstrating the effectiveness of metacognition monitoring for intermediate and advanced Chinese L2 learners. Ackerman and Goldsmith (2008) argue that the basis of regulating the learning process lies in continuous real-time assessment. Online audiovisual reading comprehension shown in our experiments is a continuous, real-time dynamic learning process. Metacognition monitoring affects the whole process of cognitive activity, and the changed cognitive processing state will in turn influence metacognition monitoring. Our results showed that two of all four metacognition monitoring indicators measured by the real-time confidence judgments were good predictors of Chinese L2 audiovisual comprehension performance, demonstrating the reliability and validity of the online measure. It also proves that intermediate and advanced Chinese L2 learners can make accurate self-assessments especially continuous based on test performance during the selection and processing of multimodal information such as pictures, sounds, and words.

In real-life contexts, self-regulated learning by native or L2 speakers is online in real time, which requires them to monitor and regulate their learning process instantaneously. Metacognition monitoring reflected in this process not only motivates learners to adopt effective strategies but also enhances their self-efficacy, thus improving the effectiveness of online learning (Chen and Wen, 2010). Ackerman and Goldsmith (2011) also found that the difference between screen reading and paper reading is usually not cognitive but mainly reflected in metacognition, that is, learners were more inaccurate in predicting online reading performance and consumed more time in regulating learning time. The present study highlights the importance of metacognition monitoring for online audiovisual reading comprehension.



5.3. Moderating effects of video difficulty and L2 proficiency

The Cognitive Effort Hypothesis holds that learners’ self-assessment accuracy of text comprehension is affected by text difficulty. To be specific, self-assessment of text comprehension is less accurate if the text being read is easy for the learner since they do not pay excessive attention to the details of easy texts (Maki et al., 1990). The present study found that the predictive effect of video-based absolute accuracy on Chinese L2 audiovisual comprehension was affected by video difficulty, in line with the Cognitive Effort Hypothesis. With the increase of video difficulty, the accuracy of Chinese learners’ self-assessment of video comprehension is better, and the role of metacognition monitoring in predicting audiovisual comprehension is greater. Kim, (2014) also found that English L2 learners tended to use more metacognitive reading strategies when reading difficult texts, which had a greater impact on their reading comprehension. In addition, the participants selected for the experiment are intermediate to advanced Chinese L2 learners. When learners read the easy video (video 1), they were not inclined to consume too many cognitive resources in the control of video details or adopt more metacognitive reading strategies, but could get good audiovisual comprehension scores in the end. Further analysis showed that 20 participants (38 in total) achieved an actual correct rate of 100% on the video 1 test, with an overall average correct rate of 88.95%. To some extent, there was a ceiling effect, i.e., intermediate and advanced learners generally understood the lower difficulty videos better, so the effect of metacognition monitoring on audiovisual comprehension may be weakened.

The present study also found that the predictive effect of test-based absolute accuracy on L2 Chinese audiovisual comprehension was also moderated by Chinese language proficiency, i.e., the stronger the predictive effect of metacognition monitoring on audiovisual comprehension as learners’ Chinese language proficiency increased. Tsai et al. (2010) found that language proficiency had a greater impact on English L2 speakers’ use of reading metacognitive strategies compared to native speakers, and that highly proficient L2 speakers were better able to use more metacognitive strategies to monitor their reading comprehension process, which was conducive to improving their text comprehension and thus achieving higher reading scores. Míguez-Álvarez et al. (2021) also found that the monitoring accuracy of Spanish L2 speakers is influenced by their language level, that is, learners with lower L2 proficiency tended to overestimate their reading performance, while higher-level L2 learners are better able to monitor the reading process and make more accurate self-assessments. In addition, the absolute accuracy of metacognition monitoring was significantly higher in high-level learners than in low-level learners (Gu and Wang, 2022), because high-level learners were more likely to pay attention to and identify important information in reading materials and also invested more time and cognitive resources.

The above results suggest that the predictive effect of metacognition monitoring on Chinese L2 audiovisual comprehension is complex. The prediction of video-based absolute accuracy was affected by the video difficulty (the more difficult the video, the more significant the prediction effect). In contrast, the prediction of test-based absolute accuracy was moderated by L2 proficiency (the higher Chinese L2 proficiency, the more significant the prediction effect). Our findings also provide evidential support for a multidimensional view of metacognition monitoring (Moore et al., 2005; Chen and Li, 2008; Hadwin and Webster, 2013). As stated earlier, some differences exist in L2 learners’ metacognition monitoring on the two dimensions of video comprehension and test performance, both in terms of self-assessment time and information resource capacity. Thus, their predictive effects are moderated by different variables.




6. Conclusion and implications

The current study systematically examined four indicators of metacognition monitoring in L2 Chinese audiovisual comprehension from the perspective of monitoring objects and statistical methods by online confidence judgment tasks. Furthermore, we explored the predictive effects of different indicators on L2 audiovisual comprehension performance. The main results showed that the absolute accuracy of metacognition monitoring had a significant predictive effect on L2 Chinese audiovisual comprehension, while the effect of relative accuracy was not significant. Specifically, the predictive effect of video-based absolute accuracy was influenced by the video difficulty (the more difficult the video, the more significant the prediction effect). In contrast, test-based absolute accuracy was moderated by L2 proficiency (the higher Chinese L2 proficiency, the more significant the prediction effect). Our findings support a multidimensional view of metacognition monitoring and oppose a one-dimensional view that simply makes no distinction among all four indicators.

Pedagogically, the empirical findings in this study not only emphasize the importance of metacognition monitoring in L2 audiovisual comprehension, but also provide some implications for teaching Chinese as a second language. Firstly, both Chinese teachers and learners should recognize that reading comprehension is not only a complex cognitive process but also a complex metacognitive process, and learners with higher metacognition monitoring ability can effectively regulate their own cognitive processes in real time and thus make more accurate self-assessments. Therefore, instructional interventions aimed at metacognition monitoring are essential. Teachers should provide learners with a variety of strategies needed to conduct more accurate self-assessment, such as planning and prediction of text content, assessment of the characteristics of text genre, assessment of a text content, construction and modification of a mental model, supervision of comprehension and text understanding, revision, and self-correction (Míguez-Álvarez et al., 2021). Secondly, this study also found that the predictive effect of metacognition monitoring on L2 audiovisual comprehension is complex and is affected by the video difficulty and language proficiency, which reveals that we need to appropriately adjust the difficulty of the video task or text according to L2 learners’ language proficiency when training metacognition monitoring strategies, so as to motivate learners to mobilize their own initiative, monitor and regulate audiovisual comprehension in real time within a specific range of cognitive effort.
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Classic linguistic analyses assume that syntax is the center of linguistic system. Under this assumption, a finite set of rules can produce an infinite number of sentences. By contrast, construction grammar posits that grammar emerges from language use. Chinese quadrisyllabic idiomatic expressions (QIEs) offer a testing ground for this theoretical construct owing to their high productivity. To understand the cognitive processing of structure and meaning during reading comprehension, we used a semantic judgment task to measure behavioral performance and brain activation (functional MRI). Participants were 19 Mandarin native speakers and 19 L2 learners of intermediate and advanced levels of Mandarin. In the task, participants were instructed to indicate whether the interpretation of a QIE was correct. Our behavioral results showed that L2 learners processed high frequency QIEs faster than low frequency ones. By contrast, low frequency QIEs were processed faster than high frequency ones by native speakers. This phenomenon may be attributed to semantic satiation which impedes the interpretation of high frequency QIEs. To unravel the puzzle, a further functional MRI experiment on native speakers was conducted. The results revealed that the comparison of high-frequency and low-frequency QIEs promoted significant anterior cingulate activation. Also, the comparison of idiomatic and pseudo-idiomatic constructions exhibited significant activation in the bilateral temporal poles, a region that computes semantics rather than syntactic structure. This result indicated that, for native speakers, processing Chinese idiomatic constructions is a conceptually driven process.

KEYWORDS
 Chinese idioms, semantics, syntax, left anterior temporal lobe, anterior cingulate cortex, second language acquisition


1. Introduction

Before the emergence of language, infants refer to several pre-language behaviors, such as pointing, eye contact, and social reference, to communicate their intention. At the onset of word production, the language of infants is primarily composed of one word, which is the pairing of signified (concept) and signifier (sound), with syntax emerging at a later stage. Analyzing the neural substrates of meaning composition, neurolinguistic research has also identified “a system of composition that involves rapidly peaking activity in the left anterior temporal lobe” (Bemis and Pylkkänen, 2013; Pylkkänen, 2019a,b). This brain region is related to the shared processing between comprehension and production and computes meaning rather than syntactic structure. These findings are contradictory to the traditional componential model, in which a speaker’s grammatical knowledge is organized into syntactic, semantic, and phonological components, with all grammar above the word level explainable using highly general rules. Chinese quadrisyllabic idiomatic expressions (QIEs) offer a testing ground for this theoretical debate owing to their high productivity in the modern language. These expressions are to understand the cognitive processing of meaning and structure during reading comprehension, for example, the expression of [qian-A-wan-B] “1 k-A-10 k-B” (e.g., 1,000 army 10, 000 horse).

Idiomatic expressions are conventional expressions that have a meaning distinct from the meaning of the constituent words. Idioms involve metaphors (e.g., love is fire) and metonymies (e.g., count heads); consequently, the precise figure involved can be difficult to determine, such as in kick the bucket (Croft and Cruse, 2004). Although some studies have reported that idioms may be lexically flexible (e.g., button one’s lip → fasten one’s lip), productive (e.g., roll out the carpet → sweep up the carpet; Gibbs et al., 1989; McGlone et al., 1994) and undergo syntactic processing (Peterson et al., 2001), other studies have determined idioms to be noncompositional (Swinney and Cutler, 1979) and processed formally, as is the case with single words (Kempler et al., 1999).

Because many Chinese QIEs originate from well-known passages in classic works, they are highly synthetic and concise.1 By contrast, the syntactic structure of idiomatic expressions in European languages is similar to regular phrase structures, such that they can undergo syntactic operations including passive voicing, insertion, topicalization, and quantification (Cacciari and Glucksberg, 1994; Cacciari, 2014). For instance, the idiom kick the bucket and the phrase kick the ball share the same grammatical structure; furthermore, most native English speakers would accept the passive version of the idiom pop the question (Gibbs et al., 1989). However, Chinese idioms rarely allow change in the syntactic structure (Liu et al., 2019).

The psychological basis of idiom processing has been investigated in depth over the last three decades, with the focus directed toward semantic compositionality as well as the role of frequency in idiom processing. The Principle of Semantic Compositionality, sometimes called “Frege’s Principle,” is based on the assumption that the whole meaning of a sentence can be reconstructed by means of its component parts (Nunberg et al., 1994; Pelletier, 1994). Compositionality means that the grammar obeys the “rule-to-rule hypothesis,” such that the meaning of the whole can be inferred from the meaning of its parts. A challenge for compositionality has been observed in the interpretation of idioms. For instance, in the sentence “Peter made no bones about wanting to be promoted,” the literal meaning of the italicized phrase is not relevant to the understanding of the sentence, and the meaning of the whole cannot be computed in a compositional sense.

Early theories of idiom comprehension relied on the assumption that a literal interpretation has priority over a figurative meaning, and the assumption was rejected only when the figurative meaning was activated (Bobrow and Bell, 1973). This line of thinking indicates the criticality of semantic transparency in idiom processing.

Taking the role of frequency into account, Cacciari and Tabossi (1988) developed the Configuration Hypothesis, arguing that idioms constitute complex arrangements of single words. An essential claim of this model is that every idiom contains one or more “keys.” An idiom key acts as a type of mental signal, evoking the idiomatic configuration holistically for the hearer, which results in the activation of the idiomatic meaning. The hearer first interprets the semantics of incoming word strings based on the literal meaning, but the figurative meaning of the idiom is activated as long as adequate information is collected. Moreover, the key to the rapid retrieval of idiomatic expressions is frequency, with the major difference between idiomatic and literal expressions being that speakers and listeners are familiar with idiomatic expressions, whereas literal expressions are entirely novel. Their semantic judgment paradigm showed that there was no significant difference between decomposable and nondecomposable idioms, suggesting that the role of semantic transparency is insignificant in idiom processing. Contrarily, the high frequency of an idiom accounts for its rapid recognition. Titone and Connine (1999) advocated for a hybrid model of idiom comprehension characterizing idioms both as unitary word configurations and compositional word sequences. Based on this model, both the literal and the figurative meanings were activated. Their results of an eye-tracking experiment demonstrated that reading rates differ as a function of the inherent decompositionality of idioms. It took longer for non-compositional idioms to integrate correct meaning into the idiomatic context given that two meanings were semantically distinct.

The frequency examined by Cacciari and Tabossi (1988) and Titone and Connine (1999) refers to an idiom’s “token frequency” rather than its “type frequency.” Token frequency reflects the total number of words in the input, and type frequency represents the extent of use or realized productivity of a certain pattern. The productivity of linguistic patterns is reflected through type frequency rather than token frequency (Bybee and Hopper, 2001). This insight is crucial in relation to Chinese idiomatic expression, many of which are highly productive and thus have a high type frequency. For instance, 49 idiomatic expressions have the structure [i-A-i-B] “one-A-one-B” (Liu et al., 2019), reflecting a fixed construction and high productivity. Figure 1 illustrates the two idioms with the coordinate form, in which the first and second foot are semantically and structurally equivalent.

[image: Figure 1]

FIGURE 1
 Illustration of the internal morphology of two QIEs with the same syntactic structure.


The restricted possibilities for the internal morphological and syntactic structures of Chinese QIEs can be analyzed by Construction Grammar (CG) which claims that constructions are the essential building blocks of human language (Fillmore et al., 1988; Goldberg, 1995). Goldberg defined a construction as “the pairing of form and meaning.” For example, for The bigger they come, the harder they fall, proponents of CG do not reduce this proverb to a mere fixed phrase but identify a template (The Xer, the Yer) with “slots” that can be filled with almost any comparative phrase (e.g., The more you want, the less you get). Proponents of CG claim that such idiosyncratic templates are frequent in the language and that they can be understood as multiword, partially filled constructions. Construction being the pairing of form and meaning, semantic compositionality is thus derived from the interaction between the meaning of a construction and the slots filled in the construction.

Based on Construction Grammar, Liu et al. (2019) suggested that one of the meaning of the prefab [i-A-i-B] “one-A-one-B” is “each and every.” For instance, 一草一木 [one-grass-one-tree] means “every tree and bush” and 一舉一動 [one-move-one-action] means “every movement and every action.”

Pursuing the same line of research, Liu and Su (2021) compared the difference between Mandarin speakers and advanced learners of Mandarin in the processing of Chinese idiomatic constructions. In their experiment, 23 Mandarin speakers and 23 advanced learners of the non-Sinosphere were instructed to make semantic judgments in response to a set of QIEs. The results indicated that both the L1 group and the L2 group processed semantically transparent QIEs quicker than semantically opaque ones. The native speakers also processed low-frequency QIEs quicker than high-frequency QIEs, suggesting that semantic satiation plays a role in impeding the recognition of high-frequency idioms. A question arises as to the neural regions involved during the processing of idiomatic constructions and whether neural correlates are dominated by syntax or semantics. Meanwhile, the divergence between native speakers and L2 learners in the processing of idiomatic expressions deserves further investigation.

Arguing for the independence of syntax from semantics, classic linguistic theories place syntax at the core of language theory. Syntax has been recognized as the focal point of language production, with semantics and morphophonology representing interpretations of syntactic structures through a series of transformational rules. Research has addressed this theoretical topic, demonstrating that neither comprehension nor production is syntactic and that the left anterior temporal lobe (ATL) has a distinctly conceptual profile. Westerlund and Pylkkänen (2014) manipulated the specificity of object concepts, and analyzed the brain responses of participants processing combinations with low-specificity nouns (e.g., blue boat) or with high-specificity counterparts (e.g., blue canoe). Frequency and the transition probability between adjective and noun were carefully controlled. Their result revealed that the left ATL responded more strongly (250 ms after noun presentation) for low-specificity combinations than for high-specificity combinations, indicating that the left ATL is associated with the combinatorial aspects of the noun, such as conceptual specificity. Subsequent studies have also identified a system of composition that involves rapidly peaking activity in the left ATL followed by later engagement of the medial prefrontal cortex. Both brain regions are related to the shared processing between comprehension and production and compute meaning rather than syntactic structure (Pylkkänen, 2019a,b). Bemis and Pylkkänen (2013) and Flick et al. (2018) determined that, insofar as the task is to combine meanings, the left ATL can operate without local syntactic combinations. Thus, in the processing of natural language, neural signals are dominated by correlates of semantics rather than syntax.

Two neurolinguistic studies have investigated the processing of Chinese QIEs. Zhang et al. (2013) used event-related potentials (ERPs) to investigate the role of semantic compositionality during the interpretation of idioms. The researchers visually presented 146 QIEs of varying compositionality and nonidiomatic phrases to 18 participants as a semantic judgment task. Their behavioral results demonstrated that, in Mandarin, the meaning of individual characters remained active during the comprehension of idioms. In addition, literal nonidiomatic phrases elicited longer reaction times (RTs) compared with all the Chinese idioms. Consequently, their result demonstrated that the degrees of semantic compositionality may affect the activation of figurative meaning. Investigating the role of the right hemisphere in Chinese idiom processing, Yang et al. (2016) determined that both the left and right hemispheres contribute to the recognition of idiomatic expressions but through different pathways. Both opaque and transparent idioms elicited more activation than nonidioms in the right superior parietal lobule as well as right precuneus. Meanwhile, the activation strength was negatively correlated with the semantic transparency of the idioms. Their result contradicted the graded salience hypothesis (Giora, 1997, 2003), which predicts that the processing of familiar phrases mainly involves the left hemisphere and not the right hemisphere.

In summary, semantic transparency and frequency were both determined to play a role in Chinese idiom processing. However, which neural regions are involved in the processing of idiomatic constructions remains unclear. Do speakers prioritize meaning or syntactic structure? What is the difference between native speakers and L2 learners in the processing of idiomatic expressions? It has been shown that frequency, semantic transparency, familiarity as well as L1-L2 similarity are important factors in L2 idiom processing (Steinel et al., 2007; Garcia et al., 2015). Many Chinese idioms are highly productive and can be analyzed from a constructional perspective. The neural regions involved in the processing of idiomatic constructions can elucidate whether the neural correlates are dominated by syntax or semantics. Moreover, how construction interacts with frequency and the processing difference between native speakers and L2 learners warrant further investigation. The study of Chinese idioms, from a constructional perspective, is crucial on account of the syntactic/semantic parallelism as well as productivity of these idioms, but no fMRI-based research on this topic has been conducted to date.

To bridge the research gaps, the construction [qian-A-wan-B] “1 k-A-10 k-B” was selected given that it is composed of 50 idiomatic sequences. Highly productive but varying in token frequency, [qian-A-wan-B] “1 k-A-10 k-B” is suitable for investigating the respective role of frequency and construction. In terms of syntax, the A and B of [qian-A-wan-B] “1 k-A-10 k-B” can be nearly synonymous nouns, as in [qian-chou-wan-hen] (千仇萬恨: [1 K-hate-10 K-resentment] “deep hatred”). They can also be semibound morphemes that form a disyllabic verb, as in [qian-ding-wan-zhu] (千叮萬囑: [1 K-urge-10 K-advise] “exhort repeatedly”). The construction [qian-A-wan-B] “1 k-A-10 k-B” is symmetrical given that qian “1 k” and wan “10 k” are numerals and that A and B have equivalent syntactic function. In terms of semantics, qian “1 k” and wan “10 k” both mean “large in amount.” Combined with the above expressions, the construction emphasizes the action to execute on the amount of a noun. Meanwhile, given that the construction is the pairing of form and meaning, the comprehension of idiomatic constructions does not rely on the context in which they occur; instead, the construction itself is the “context” where the native speaker relies on to interpret the meaning.



2. Materials and methods


2.1. Participants

Nineteen university-level Mandarin speakers (age = 24.1 ± 3 years old, age range 20–28 years) and 19 L2 learners of intermediate and advanced levels of Mandarin (age = 24.6 ± 3.4 years old, age range 20–32 years) took part in this study. The L2 participants were all native speakers of the non-Sinosphere.2 All participants, right-handed, had normal or corrected-to-normal vision and had no language disorder. The study was approved by the Research Ethics Committee of our university, and all the participants provided their informed consent before participating in the experiment.

The revised version of Peabody Picture Vocabulary Test (PPVT) was administered to estimate L2 subjects’ receptive lexicon (Sun et al., 2022). The L2 participants’ mean score was 83.45, indicating that they had the advanced level of reading proficiency in Mandarin.



2.2. Stimuli

To obtain the frequency of idioms, the Center for Chinese Linguistics (CCL; Beijing University) Corpus containing 4.77 hundred million characters was employed at the first stage. However, seven of the 48 existing constructions were not available in the CCL corpus. We then referred to Google Search to obtain up-to-date frequencies. We acknowledge that frequency information gathered using search engines must be treated carefully; however, such information can reflect the frequency with which certain words and syntactic patterns occur (Meyer et al., 2001). We therefore individually entered the 48 [qian-A-wan-B] “1 k-A-10 k-B” idioms into Google Search to obtain the latest frequency information.

The experimental stimuli included the following: (1) 48 [qian-A-wan-B] “1 k-A-10 k-B” idiomatic constructions divided by frequency; (2) 16 pseudo [qian-A-wan-B] “1 k-A-10 k-B” trials violating the semantic constraint of the construction3; and (3) 16 non-constructional idioms, such as 龍飛鳳舞 (long-fei-feng-wu, “lively and vigorous in calligraphy”) and 虎頭蛇尾 (hu-tou-she-wei, “fine start and poor finish”). A summary of the experimental stimuli is presented in Table 1. Because pseudo-idiomatic constructions do not exist in Mandarin, we can only provide word-by-word meanings. A t test assessed that a reliable difference in frequency existed between high-frequency and low-frequency idiomatic constructions [t (23) = 4.73, p < 0.001]. The linguistic material is presented in the Appendix.



TABLE 1 Examples of trials in the experiment.
[image: Table1]



2.3. Experimental paradigm

The present study used an event-related fMRI paradigm consisting of four runs. Each run had an experimental block and a baseline block. The experimental block contained 12 idiomatic constructions (divided on the basis of frequency) and four pseudo-idiomatic constructions. The baseline block consisted of four idioms that were not construction-based. All idioms were presented randomly. Each trial began with a fixation cross centered on the screen, which was displayed for 1,000 ms. Subsequently, each participant was presented with 80 stimuli. Each stimulus was displayed for 3,000 ms in random order and was followed by its meaning. The participants had at most 5 s to decide whether the displayed meaning was correct or incorrect. Before the formal test, 10 prime-target trials that were not used in the study were administrated for practice. All participants familiarized themselves with the task through this procedure. The experiment lasted approximately 15 min. The pseudo-idiomatic constructions were all conceived, and all answers in this category were thus incorrect. Before getting into the fMRI scanner, participants were reminded to keep still (Figure 2).

[image: Figure 2]

FIGURE 2
 Illustration of the experimental procedure.




2.4. Image acquisition

Images were captured using a Siemens 3 T Prisma scanner with a 20-channel head coil at our university. Participants were in the scanner with their head position fixed. The head coil was placed around the participants’ heads. A response box was held in the participants’ right hands, and the visual materials were given to them through a goggle. Gradient-echo localizer images were used to decide the position of the functional slices. For functional images, a susceptibility-weighted single-shot echo-planar imaging (EPI) method to measure blood oxygen was used. Functional images were obtained in parallel to the AC–PC plane with interleaved EPI acquisition in the whole brain from bottom to top. The scanning parameters were as follows: TR = 2,000 ms, TE = 24 ms, flip angle = 90°, matrix size = 64 × 64, field of view = 192, slice thickness = 3.5 mm, and number of slices = 36. All participants completed four functional runs with 143 image volumes for each run (4.8 min/run, total time: 19.2 min). A high-resolution, T1-weighted 3D image was used with the following parameters: TR = 2,000 ms, TE = 2.3 ms, flip angle = 8°, matrix size = 256 × 256, field of view = 240, slice thickness = 0.94 mm, and number of slices = 192.



2.5. Image analysis

Images were preprocessed using Statistical Parametric Mapping software (SPM8, Wellcome Department of Cognitive Neurology, London, United Kingdom). Then, we used the middle slice volume to correct for functional images collected in different slice acquisition time. Functional images were realigned to the first volume in each session via affine transformations. No subject had more than 3 mm of movement in any plane. Co-registered images were normalized to the Montreal Neurological Institute space (voxel size: 3 × 3 × 3 mm3). We used smoothed data for statistical analyses with a 10-mm full-width-at-half-maximum Gaussian kernel. A high-pass filter (128-s cutoff period) was applied to minimize low-frequency artifacts. For whole brain analysis, statistical analysis relied on the general linear model by using event-related analysis. Materials in the three conditions were treated as events and were modeled for the idiomatic meaning using a canonical hemodynamic response function (HRF). There were three event types: idiomatic constructions, pseudo-idiomatic constructions, and non-constructional idioms. Parameter estimates from the canonical HRF contrasts were entered into random-effects models in single-subject models by using single-sample t tests across participants in a whole-brain analysis. We compared idiomatic constructions to pseudo-idiomatic constructions. Among idiomatic constructions, we also compared high-frequency and low-frequency idioms. Studies have reported that the left anterior temporal lobe (or ATL, BA 38) is a critical region for compositional processing (Bemis and Pylkkänen, 2013; Pylkkänen, 2019a,b). Considering the involvement of the right hemisphere in idiom processing, we used the bilateral ATL mask from the AAL atlas for the (idiomatic constructions vs. pseudo-idiomatic constructions) contrast. In addition, Benedek et al. (2014) revealed that the dorsal posterior cingulate cortex is associated with figurative language processing. Thus, we used the bilateral midcingulum mask (dorsal part of the cingulate cortex) from the AAL atlas for (high-frequency vs. low-frequency) contrast. All the reported brain regions listed in Table 2 were FDR-corrected (p < 0.05) with the use the aforementioned masks as regions of interest (ROI) analysis.



TABLE 2 fMRI results in the whole-brain analyses.
[image: Table2]




3. Analysis


3.1. Study 1: Behavioral results of native speakers and L2 learners

In the L1 group, the accuracies (mean) for the constructional, pseudo-constructional, and non-constructional conditions were 83, 61, and 90%. In the L2 group, the accuracies (mean) for the constructional, pseudo-constructional, and non-constructional conditions were 68, 55, and 67%. A 2 group (L1, L2) × 3 condition (constructional, pseudo-constructional, and non-constructional) ANOVA on accuracy was performed. Mauchly’s test of sphericity indicated that sphericity could not be assumed [χ2(2) = 13.473, p = 0.001]. To deal with violations of sphericity, we used Greenhouse–Geisser estimates of sphericity to correct the degrees of freedom. The effect of construction type was significant [F (1.5, 54.6) = 27.3, p < 0.001, η2 = 0.43]. Meanwhile, the ANOVA also revealed a significant main effect for language background. The L1 group obtained higher accuracy rates (77.79 vs. 63.71%). Meanwhile, pairwise comparisons showed a significant difference between L1 group and L2 group [F (1, 36) = 62.4, p < 0.001, η2 = 0.63]. The interaction between construction type and language was also significant [F (1.5, 54.6) = 3.78, p = 0.04, η2 = 0.095]. It can be observed that different types of construction led to distinct behavioral outcomes, and that the L1 group obtained better results on all types of idioms compared with the L2 group, as can be seen in Figure 3.

[image: Figure 3]

FIGURE 3
 Accuracy rates for L1 group and L2 group. The error bars represent SDs.


Further pairwise comparisons on construction type for each group of subjects were conducted. A Bonferroni correction adjusted the alpha level for the three comparisons to 0.017. Overall, there was no significant difference in accuracy rates between constructional and non-constructional idioms for both groups. Nevertheless, the accuracies between constructional and pseudo-constructional idioms were significant for native speakers (p = 0.003) but not significant for L2 learners, indicating that L2 learners were not aware of the agrammaticalness of pseudo-constructional idioms.

To explore how frequency and language background interact, we then conducted a two-way ANOVA to analyze the accuracy rates for constructional idiom (between-subject variable: language background; within-subject variable: frequency). The frequency × language interaction was significant [F (1, 36) = 5.40, p = 0.026, η2 = 0.130]. Meanwhile, the statistical result also revealed a significant main effect for language background. The L1 group obtained higher accuracy rates (L1: 83.00% vs. L2: 68.42%). Pairwise comparisons also revealed a significant difference between L1 group and L2 group [F (1, 36) = 17.47, p < 0.001, η2 = 0.327]. The effect of frequency was not significant [frequency: F (1, 36) = 1.667, p = 0.205]. Meanwhile, contrary to native speakers, L2 learners gained higher accuracy rates in high-frequency idioms (high-frequency idioms: 69.51% vs. low-frequency idioms: 67.32%).

The mean RTs for the constructional, pseudo-constructional, and non-constructional conditions were 1,442, 1,803, and 1,306 ms in the L1 group. The mean RTs for the constructional, pseudo-constructional, and non-constructional conditions were 2,578, 3,394, and 3,126 ms in the L2 group. A 2 group (L1, L2) × 3 condition (constructional, pseudo-constructional, and non-constructional) ANOVA on RTs was performed. The assumption of sphericity had been violated [χ2(2) = 11.547, p = 0.003], therefore, we used Greenhouse–Geisser estimates of sphericity to correct degrees of freedom. The effect of construction type was significant [F (1.56, 56.21) = 49.92, p < 0.001, η2 = 0.581]. Meanwhile, the statistical result also revealed a significant main effect for language background. The L1 group took shorter time to respond than the L2 group (L1: 1,258 ms. vs. L2: 2,805 ms.). Pairwise comparisons revealed a significant difference between L1 group and L2 group [F (1, 36) = 95.16, p < 0.001, η2 = 0.726]. The construction type × language interaction was also significant. [F (1.56, 56.21) = 10.74, p < 0.001, η2 = 0.23]. Further pairwise comparisons on construction type for each group of subjects were conducted. A Bonferroni correction adjusted the alpha level for the three comparisons to 0.017. For both group of speakers, the difference in RTs between constructional and pseudo-constructional idioms was significant, with the former taking shorter time to respond. Meanwhile, for the L2 group, no significant difference in RTs was observed between non-constructional and pseudo-constructional idioms. For the L1 group, no significant difference in RTs was observed between constructional and non-constructional idioms (see Figure 4).
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FIGURE 4
 RTs for L1 group and L2 group by construction type. The error bars represent SDs.


We further conducted a two-way ANOVA to analyze the RTs for constructional idioms (between-subject variable: language background; within-subject variable: frequency). The frequency × language interaction was significant [F (1, 36) = 5.53, p = 0.024, η2 = 0.133]. Moreover, the statistical result revealed a significant main effect for language background. The L2 group had slower responses compared with native speakers (native: 1,364 ms. vs. L2 learners: 2,586 ms). Pairwise comparisons revealed a significant difference between L1 group and L2 group [F (1, 36) = 86.82, p < 0.001, η2 = 0.707]. Nevertheless, the effect of frequency was not significant [frequency: F (1, 36) = 0.634, p = 0.431]. Meanwhile, contrary to native speakers, L2 learners gained slower responses in low-frequency idioms (high-frequency idioms: 2,498 ms vs. low-frequency idioms: 2,675 ms).



3.2. Study 2: fMRI results of native speakers


3.2.1. High-frequency versus low-frequency idiomatic constructions

Our behavioral results demonstrated that native speakers displayed a higher accuracy rate and shorter RTs when processing idiomatic constructions with low-frequency, implying that semantic satiation (Jakobovits, 1962) impedes the interpretation of high-frequency idioms. Semantic satiation is characterized by the attenuation of meaning after uninterrupted repetition of a word (e.g., Severance and Washburn, 1907; Bassett et al., 1919). Similar effects can be observed in cases of sensory habituation, whereby repeated perceptual stimuli fade or are transformed (Warren, 1968; Kohn, 2007). Various studies have further supported the effects of semantic satiation (Balota and Black, 1997; Black, 2001). For example, Balota and Black (1997) and Kuhl and Anderson (2011) observed that, in a decision task on semantic relatedness, weakly-related words may be more satiated following repetition than highly-related words. After the repeated priming (2, 12, or 22 times) of the stimulus, participants were visually presented a word pair and were asked to evaluate its semantic relatedness; when the prime word was repeated 22 times, the relatedness effect was diminished.

Our fMRI results demonstrated that the comparison of high-frequency and low-frequency QIEs promoted significant mid-cingulate activation (dorsal part of the anterior and posterior cingulate), suggesting that inhibitory control suppresses lasting semantic interference with high-frequency QIEs. Moreover, research has reported greater activation in the anterior cingulate cortex (ACC) in patients with obsessive–compulsive disorder and normalization of the region with treatment-induced symptom reduction (Machlin et al., 1991; Swedo et al., 1992; Perani et al., 1995; Rauch et al., 1998; Fitzgerald et al., 2005; Figure 5).

[image: Figure 5]

FIGURE 5
 Contrast of high-frequency vs. low-frequency idiomatic constructions.


In terms of the contrast of idiomatic versus pseudo-idiomatic constructions, the participants exhibited greater activation in the bilateral ATL (BA 38), as depicted in Figure 6. It should be noted that more anterior-ventral ATL activation was found with the threshold p < 0.01 uncorrected in a whole brain analysis (also see a review by Patterson et al., 2007).

[image: Figure 6]

FIGURE 6
 Contrast of idiomatic vs. pseudo-idiomatic constructions.


Rogalsky and Hickok (2009) examined task effects in the ATL regions, and found that some of which were activated only for the semantic task, some only for the syntactic task, and some for both tasks. Using rTMS in normal participants, Pobric et al. (2007) observed that the anterior temporal lobes are a critical substrate for semantic representation. Drawing upon recent neuropsychological evidence, and more specifically the striking disorder called semantic dementia (SD), Ralph et al. (2017) noted that bilateral anterior temporal lobe regions might be important for all conceptual domains, given that individuals with SD have semantic impairments across all modalities. In our data, given that the bilateral temporal lobe was activated, we thus infer that these regions compute semantic information.





4. Discussion

The objective of this study was 3-fold. First, we aimed to compare how native speakers and L2 learners processed different types of constructions. Second, given the intriguing behavioral result observed among native speakers, we further analyzed the neural correlates involved in the processing of Chinese idiomatic constructions. Many Chinese idioms are highly productive in the modern language and can be analyzed from a constructional perspective; consequently, the result of the study can be used to elucidate whether their processing is syntactically or conceptually driven. Third, owing to the high productivity of Chinese idiomatic constructions in the modern language, we investigated the role of frequency as well as that of construction to determine how they interact with each other.

Our behavioral results indicated that native speakers and L2 learners displayed different behaviors under the effect of frequency. The L1 group exhibited a higher accuracy rate and shorter RTs when processing idiomatic constructions with low-frequency, implying that semantic satiation (Jakobovits, 1962) impedes the interpretation of high-frequency idioms. Research has demonstrated that semantic satiation slows word associations (Balota and Black, 1997; Black, 2001). Following the assumptions of CG, the construction of idioms is the pairing of form and meaning; consequently, when processing a low-frequency idiom, participants relied on the semantics communicated by the construction to decode its meaning. In other words, intervention of a construction with direct association between form and meaning accelerates its interpretation. Nevertheless, the processing of high-frequency idioms was influenced by semantic satiation, which impeded the participants’ recognition. The effect of frequency is different for L2 learners: high-frequency idiomatic constructions had better accuracy rates than low-frequency ones. The result of RTs echoed the result for accuracy rates, with high-frequency idiomatic constructions eliciting shorter RTs than low-frequency idioms for L2 learners. This result indicated that native speakers were aware of the pairing of form and meaning conveyed by the construction, while this linguistic knowledge was absent among L2 learners.

Our fMRI results for native speakers echoed the behavioral results. The comparison of high-frequency and low-frequency QIEs elicited significant anterior cingulate activation, implying that inhibitory control suppresses lasting semantic interference in relation to high-frequency QIEs. Inhibitory control is generally related to the suppression of responses to distracting stimuli (Nigg, 2000; Friedman and Miyake, 2004; Enticott et al., 2006). It has been observed that one of the brain regions heavily involved in attention as well as inhibitory control is the ACC (Posner and Petersen, 1990; Menon et al., 2001; Garavan et al., 2002; Reischies et al., 2005). Subsequent imaging studies have reported increased ACC activation during attention tasks (Devinsky et al., 1995; Cabeza and Nyberg, 1997; Elliott and Dolan, 1998) as well as response monitoring (Taylor et al., 2007). Research has also revealed that the ACC is active among bilinguals, who use this region more efficiently to monitor cognitive conflicts beyond the linguistic domain (Abutalebi et al., 2012).

Regarding the locus of the semantic satiation effect, several ERP studies have demonstrated the role of the N400 during the repetition of a given word. Kounios et al. (2000) measured ERPs in a semantic detection task which involved repeated presentations of primes and related and unrelated words using visual and auditory stimuli. Prime satiation and prime relatedness to the key word showed interaction on the ERP amplitude to key words within the N400 time window. Ströberg et al. (2017) used a 64-channel EEG system to analyze the N400 in a semantic priming task where participants were exposed to primes repeated three or 30 times. It was observed that the N400 was reduced after 30 repetitions (versus three repetitions) for the centrofrontal electrodes. Moreover, after 30 repetitions, explorative source reconstructions suggested reduced activation in wide-spread areas. These above areas and those involved in the N400 overlap, supporting the semantic rather than the perceptual nature of the satiation effect. Our fMRI studies also demonstrated that the ACC, the area dealing with inhibitory control, attention, and response monitoring, was activated during the presentation of high-frequency idiomatic constructions. Greater activation in the ACC may act as the locus of the semantic satiation effect.

Another crucial question probed in this study was the neural basis of syntax and semantics. Our result revealed that, in terms of the contrast of idiomatic versus pseudo-idiomatic constructions, the participants exhibited greater activation in the bilateral ATL (BA 38). This finding is consistent with that of Pallier et al. (2011), namely that the ATL is associated with a constituent size effect in brain activity in the presence of lexicosemantic information, suggesting that this region encodes semantic constituents. The studies of Pylkkänen (2019a,b) have also demonstrated that the ATL computes semantics rather than syntactic structure.

Patterson et al. (2007) argued that semantic generalization depends upon a distinct amodal hub located in the ATL. Crucial to semantic memory, the ATL regions are contiguous to the anterior parts of the medial temporal lobe memory system, which manages the acquisition of new semantic information. Because episodes contribute to the progressive acquisition of new conceptual knowledge, the close proximity of the episodic and semantic systems is logical. Ralph et al. (2017) reported that the ATL semantic region exhibits positive activation for semantic tasks and deactivation for nonsemantic tasks and that individuals with semantic dementia always have bilateral ATL atrophy. Guo et al. (2013) used resting-state fMRI to determine that, in healthy participants, the ATL regions exhibit intrinsic connectivity with modality-specific brain areas. It was observed that, in patients with semantic dementia, the accuracy of comprehension was correlated with the severity of ATL atrophy as well as the degree of reduced functional connectivity of hub–spoke. The aforementioned studies have deepened our understanding of the neural bases of semantic cognition. In the present study, in terms of the contrast in idiomatic versus pseudo-idiomatic constructions, the participants exhibited greater activation in the bilateral ATL (BA 38), a region that computes semantics rather than syntactic structure (Pylkkänen, 2019a,b). This result suggests that the processing of Chinese idiomatic constructions is a conceptually driven process.

Our fMRI results have theoretical implications for linguistic theory. Classic linguistic analyses suggest that languages can be studied independently of their semantic and discourse functions and that meaning is derived from a mental dictionary of words. In the tradition of generative grammar, syntax is regarded as the center of the linguistic system, with all grammar beyond the word level explainable using highly general rules (Chomsky, 2020). Using fMRI to search for the neural mechanisms of this theoretical construct, we determined that the processing of Chinese idiomatic constructions is conceptually driven, which is consistent with the CG perspective. Under this framework, construction is viewed as “the pairing of form and meaning,” which is the essential foundation of language construction. Grammar emerges from language use, determined through usage patterns and frequency of use (Bybee and Hopper, 2001).

The present research did not deal with the processing of heritage language (HL) learners, but it has been shown that HL learners are more accurate than L2 learners in linguistic tasks such as sentence conjunction judgment task (Montrul et al., 2008). HL learners are also more target-like than L2 learners in the acquisition of grammatical aspect (Montrul, 2010). The interpretation of Chinese QIEs requires awareness of the conceptual metaphors underlying linguistic expressions as well as understanding of Chinese cultural tradition. Given that HL speakers grow up in a bilingual and bicultural environment, additional research is needed to probe how HL speakers interpret conflicting metaphors. For instance, “wine” has a positive connotation in English (e.g., Old friends and old wine are best), while it has a negative connotation in Mandarin (e.g., [jiu-chi-rou-lin] lit. “lakes of wine and forests of meat”; fig. “sumptuous entertainment”).



5. Conclusion

Primed using three types of stimuli divided on the basis of frequency and construction type, native Mandarin speakers were recruited to participate in an fMRI experiment. The results revealed that the L1 group processed low-frequency QIEs quicker than high-frequency QIEs. This result may be attributed to semantic satiation which impedes the processing of high-frequency idioms. This study provides an argument in support of CG, namely that the meaning of the construction contributes to the processing of idiomatic expressions with low-frequency.

Our fMRI results also demonstrated that the comparison of high-frequency and low-frequency QIEs elicited significant ACC activation. Furthermore, the contrast of idiomatic and pseudo-idiomatic constructions elicited greater activation in the bilateral ATL, a region that computes semantics rather than syntactic structure. This finding suggests that the processing of Chinese idiomatic constructions is a conceptually driven process.

Our results reveal several avenues that could be explored in future research on foreign language acquisition. For example, the neural correlates of frequency on idiomatic constructions among L2 learners remain unclear. Meanwhile, L2 learners’ metalinguistic knowledge and how this knowledge is mapped onto the comprehension of idiomatic constructions warrants further investigation. Finally, while the processing of Chinese idiomatic constructions is a conceptually driven process, further analysis needs to be conducted to explore whether L2 learners exhibit comparable processing mechanism.
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Footnotes

1   More than 90% of Chinese idiomatic expressions are quadrisyllabic (Xu, 2006). Zhou (2004) analyzed 17,934 idioms compiled in Dictionary of Chinese Idioms and found that 95.57% of idioms collected in the volume are quadrisyllabic.

2   The L2 of native Mandarin participants is English. Some of them also have a basic knowledge in Japanese. The native languages of participants in the L2 group include English (6), Spanish (6), French (3), Dutch (1), Swedish/Dutch (1), Hungarian (1), and Italian (1). The number in the parenthesis indicates the number of native speakers of a certain language.

3   Su (2002), Tsou (2012), and Liu et al. (2019) point out that Chinese idiomatic constructions are characterized by syntactic parallelism in that the slots substituted in the constructions are generally synonyms (e.g., [qian-cun-wan-luo] 千村萬落: [1 k-village-10 k-hamlet] ‘thousands of villages and hamlets’), antonyms (e.g., [yi-chang-yi-duan] 一長一短: ‘merits and demerits’) or semi-bound morphemes (e.g., [qian-hu-wan-huan] (千呼萬喚: [1 k-call-10 k-shout] ‘after repeated calls’). The slots inserted in pseudo-idiomatic constructions are neither synonyms nor antonyms, and thus violate the syntactic constraints of Chinese idiomatic constructions.
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Idiomatic constructions used for targets.
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This study applies the paradigm of self-paced reading to examine the Context Predictability Effect in the processing of Chinese and detect whether there is a prediction error cost. Context constraint strength (constraining and neutral) and word predictability (predictable and unpredictable) were strictly manipulated. The statistical results suggest that: (1) There is a Context Predictability Effect for Chinese native speakers in reading processing, which is consistent with most previous studies; (2) There is also a Context Predictability Effect for advanced Chinese L2 learners; (3) Both Chinese native speakers and Chinese L2 learners have a prediction error cost in reading processing, a finding different from those of much previous research. (4) Chinese L2 learners are significantly slower than Chinese native speakers when they conduct predictive reading processing. This paper is very enlightening in that it identifies the existence of a prediction error cost in Chinese L2 processing by means of behavioral experiments, providing evidence for the hypothesis of Lexical Prediction. In a strongly predictive setting, when encountering a plausible but unpredictable word, the brain must expend extra effort to suppress, revise, or reanalyze the material, and this may account for the prediction error cost.
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1. Introduction


1.1. Context predictability effect in L1 processing

Context predictability or context constraint is an important factor affecting the reading processing of words. It refers to the probability that readers predict the target word based on the previous information. The more constrained the context, the fewer words that meet the conditions, and the greater the possibility of the target word being guessed; the weaker the constraint, the more words meet the conditions, the smaller probability of the target word being guessed. This is the Context Predictability Effect (Li et al., 2022).

There is a stable contextual predictive effect in L1 reading processing in both Western languages and Chinese (Zhu, 1991; Bai et al., 2011; Roland et al., 2012; Staub, 2015; Kwon et al., 2017; Chow et al., 2018; Zhang et al., 2019, 2023; Zhao, 2022). In eye movement studies, the constraint of the context can affect the target word fixation time: the more constrained the context is, the shorter the fixation time will be; the less constrained the context, the longer the fixation time (Rayner and Well, 1996; Rayner et al., 2004, 2005, 2006). Rayner and Well (1996) divided contexts into three types, high-constraint, medium-constraint, and low-constraint, and investigated the influence of context constraint on eye movement in reading. It was found that the fixation time of participants in the low-constraint context was longer than that in the high-constraint and medium-constraint contexts. Rayner et al. (2005) used a Chinese corpus as the research object and copied the research process of Rayner and Well (1996), and the results were highly consistent with Rayner and Well (1996). In addition, word skipping is more likely to occur in high- contexts than in low-constraint contexts (Rayner et al., 2005; Bai et al., 2008; Guo, 2012; Zhang, 2015; Li, 2016). This phenomenon also exists among child readers. Children under the high-constraint context had greater skipping rates and spent less time reading (Zhao, 2020).

There are also many studies on the interaction between context predictability and other factors, as follows: Liu et al. (2020) explored how context predictability affects Chinese vocabulary processing in reading by observing the interaction between context predictability, whole word frequency, and Chinese character frequency. The results showed that context predictability, whole word frequency, and first character frequency affect vocabulary processing relatively independently; contextual predictability directly affects the processing of the second character within words. Liu et al. (2019) divided children’s reading skills into high and low groups and used the boundary paradigm, which changes with fixation, to investigate the impact of context predictability on children’s parafoveal processing. The results showed that children with high reading skills had earlier use of context predictability than children with low reading skills. Word frequency and context predictability also have an impact on the reading of the elderly (Wang et al., 2012), who adopt more cautious reading strategies when the difficulty of reading content is too high or too low. Under the right conditions, older adults rely more heavily on contextual predictive information than younger adults (Zhao, 2009).

In summary, the context predictability effect is mainly manifested in the promotion of target word processing by high-constraint contexts; that is, in high-constraint contexts, readers process target words faster and with lower processing difficulty (Wang, 2017; Zhao et al., 2021). Conversely, if an unpredictable word appears instead of a predictable word in a high-constraint context, will the reader’s processing be disturbed? In other words, will there be a prediction error cost? This is another issue we are concerned about.



1.2. Prediction error cost in L1 processing

At present, researchers have not yet reached a consensus on whether the prediction error cost exists. There are two main views. One view is that there is a prediction error cost (Coulson and Van Petten, 2002; Moreno et al., 2002; Wicha et al., 2004; DeLong et al., 2005, 2007, 2011, 2012; Van Berkum et al., 2005; Federmeier et al., 2007). This view holds that in a high-constraint context, the specific vocabulary with the highest cloze score is activated first, and when the reader encounters a word other than the target word in the reading process, it will violate the previous prediction, resulting in processing interference. This is the Lexical Prediction view. Another view is that there is no prediction error cost (Luke and Christianson, 2016; Frisson et al., 2017; Zhao et al., 2021; Zhao, 2022). This view holds that the reader does not predict a specific word in reading processing, but activates a series of words in parallel to varying degrees. This is the Graded Prediction view.

Luke and Christianson (2016) used a method of large-scale survey to explore the role of context in reading processing. The study did not find a prediction error cost and believed that the high-constraint context activates not a whole word, but more semantic and morphosyntactic information related to it, thus supporting the Graded Prediction view. Frisson et al. (2017) used the method of controlled experimental design for the first time to provide evidence for the conclusion of Luke and Christianson (2016). The experiment adopts a design of 2 (context constraint strength: constraining and neutral) * 2 (word predictability: predictable and unpredictable). The context constraint strength is one variable and this variable has two levels, which are high-constraint context and low-constraint context; another variable is lexical predictability, which also has two levels, predictable words, and unpredictable words. The predictable words here are the specific words that have the greatest possibility of being predicted in the high-prediction context we discussed above, and the unpredictable words are other words that cannot be predicted in advance but reasonable semantically. The innovation of this study is to judge whether there is a prediction error cost by comparing the processing time of unpredictable words in high-constraint contexts and low-constraint (neutral) contexts. The basic logic is: if there is a prediction error effect, then the processing difficulty of unpredictable words in a high-constraint context must be greater than that in a low-constraint context, and correspondingly more processing time will be spent. The experiment did not find a prediction error cost, supporting the view of Graded Prediction.

We believe that one of the reasons why the prediction error cost was not found may be that the constraint of the high-constraint context is not enough, Frisson et al. (2017) is only 70.2%, Zhao et al. (2021) improved this problem by increasing the constraint in the high-constraint context, but still found no prediction error effect. The key point is that the eye movement data of first fixation time and skipping rate in Zhao et al. (2021) reflect the situation of early parafoveal processing, while the results of ERP research on prediction error cost indicated that the interference on the processing of unpredictable words in a high-constraint context is likely to occur in the later stage (Moreno et al., 2002; Federmeier, 2007; Federmeier et al., 2007; Delong et al., 2011; DeLong et al., 2012).



1.3. Context predictability effect in L2 processing

On whether there is a context predictability effect in second language reading processing, researchers have not yet reached a consensus. Some studies have shown that even at an advanced level, L2 learners cannot predict information during reading processing, at least not to the same extent as native speakers (Kaan et al., 2010; Grüter and Rohde, 2013; Kaan, 2014). The difference in grammatical processing between L2 learners and native speakers is mainly affected by the following factors: incomplete acquisition of the target grammar, cognitive limitation of the target language, interference from the grammar and processing system of first language, etc. Other studies suggest that L2 learners can make predictions just like native speakers (Clahsen and Felser, 2006; Chambers and Cooke, 2009; Dussias et al., 2013). In Spanish grammar, there is a distinction between feminine and masculine nouns, and the modifiers should be consistent in gender with the nouns. Dussias et al. (2013) took advantage of this characteristic of Spanish grammar to investigate whether L2 learners can activate nouns through the gender marker of the modifiers. The results showed that advanced L2 learners of English showed the same context predictability effect as native speakers.



1.4. Prediction error cost in L2 processing

We only found one article on prediction error cost in L2 processing. Zirnstein et al. (2018) used ERP experiments to prove that L2 learners can not only predict upcoming words through context but also generate prediction error cost like native speakers. The performance of L2 learners in processing unpredictable words is related to their mastery of native language regulations. L2 learners with a better grasp of native language regulations have larger frontal positivity when processing unpredictable words, and this effect is attenuated by cognitive control, especially inhibitory control ability. Inhibition control ability appears to mediate the difficulty readers incur.



1.5. Current study

We took Chinese native speakers and advanced Chinese L2 learners as research objects, used the method of self-paced reading, and replicated the experimental design of Frisson et al. (2017). The following are research questions: 1. Are there context predictability effect and prediction error cost in the reading processing for Chinese native speakers? 2. Are there context predictability effect and prediction error cost in the reading processing for advanced Chinese L2 learners? 3. Is there any difference in this regard between Chinese native speakers and advanced Chinese L2 learners? Our experimental design has made the following improvements: 1. We improved the constraint strength of high-constraint contexts based on Frisson et al. (2017); 2. We used the method of self-paced reading, because this method is closest to natural reading (Mitchell and Green, 1978, p. 610); 3. We examined the potential differences of prediction mechanism between Chinese native speakers and Chinese L2 learners. Doing so can provide theoretical support and guidance for the teaching of Chinese as a second language.




2. Experiment 1


2.1. Method


2.1.1. Participants

Twenty six participants (10 males) were recruited from a university in Hebei, China, aged 18–34 (M = 20.30, SD = 3.08). These participants are all Chinese speaking, have undergone at least some undergraduate education, and have normal vision or corrected vision.



2.1.2. Design

Experiment 1 adopted a two-factor within-subjects design, which is 2 (context constraint strength: constraining context and neutral context) * 2 (word predictability: predictable word and unpredictable word). As shown in Table 1.



TABLE 1 Sample items in Experiment 1.
[image: Table1]



2.1.3. Materials

We selected 106 contexts from Chinese textbooks at junior and intermediate level, including 53 high-constraint and 53 low-constraint contexts. Each context contains one predictable word and one unpredictable word. For example: “大卫送给妈妈的生日礼物/卡片让妈妈特别感动 (David’s birthday gift/card to her mother especially touched her)” is a high-constraint context. In this high-constraint context, “礼物 (gift)” is a predictable word, and “卡片 (card)” is an unpredictable word; “我看到这个礼物/卡片的时候非常惊讶 (When I saw this gift/card, I was very surprised)” is a low-constraint context that also contains the words “礼物 (gift)” and “卡片 (card).” To avoid the interference of the packing effect at the end of the sentence, the position of the target word is set in the middle of each sentence.

First, we removed the target words from 53 high-constraint contexts and asked 31 native Chinese speakers to fill in the blanks with the first word that comes to their mind. In previous studies, the entire sentence was presented at once. But in the self-paced experiment, the vocabulary is presented sequentially, and the participants can only predict through the context before the target word. To match the real reading process as much as possible, we only presented the content before the blanks. After getting the cloze data, we selected the word given by the largest number of people as the predictable word. The ratio of the number of people giving the target word to the total number of people is called the constraint strength (cloze value). We deleted the high-constraint contexts with a constraint strength below 60%, and the average constraint strength reached 82.4%. We finally retained 37 high-constraint contexts, plus 37 low-constraint contexts, for a total of 74 contexts. Secondly, the 74 contexts were divided into 148 sentences, which were divided into two groups by means of Latin squares. Then, 29 and 41 native Chinese speakers were invited to judge the semantic rationality of the sentences, using the Likert scale. Sentences with an average value above 4 were selected, and a total of 128 target sentences were obtained.

The target sentences were divided into 4 groups. The constraint strength of constraining context with predictable word (CP) is 82.4%, that of constraining context with unpredictable word (CU) is 3.7%, and that of neutral context with predictable word (NP) is 2.4%, while neutral context with unpredictable word (NU) is 2.3%. The results of paired-sample t-tests showed that constraint strength of CP was significantly higher than that of CU, t(31) = −33.114, p < 0.001, and NP, t(31) = −35.065, p < 0.001; there was no significant difference between CU and NU, t(31) = 1.603, p = 0.119. We balanced character frequency and number of strokes of predictable and unpredictable words from the first character to the fifth character, first character frequency: t(31) = 0.051, p = 0.960, first character stroke number: t(31) = −0.651, p = 0.520; second character frequency: t(31) = 1.006, p = 0.322, second character number of strokes: t(31) = 0.896, p = 0.377; third character frequency: t(31) = 0.424, p = 0.674, third character number of strokes: t(31) = 0.056, p = 0.956; fourth character frequency: t(31) = −0.303, p = 0.764, fourth character number of strokes: t(31) = 0.823, p = 0.417; and fifth character frequency: t(31) = −1.657, p = 0.108, fifth character number of strokes: t(31) = −0.113, p = 0.911. Character frequency statistics are based on SUBTLEX-CH (Cai and Brysbaert, 2010), and the unit is times/million. In the self-paced reading experiment, we also added 49 semantically unreasonable sentences as distractors.



2.1.4. Procedure

We set up the self-paced reading experiment at.1 The system automatically divided the experimental materials into two groups according to the Latin square and randomly assigned them to the participants. Using the online experiment method can make participants more relaxed and get closer to the state of natural reading. Before the experiment, participants were required to prepare a computer in an environment with normal network speed. After accessing the webpage, participants saw a brief description of the experiment and needed to fill in information such as mother tongue, age, years of learning Chinese, gender, and email address first; then, they were required to finish the experiment as quickly and as well as possible. The first page of the formal experiment is as shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Practice page of the formal experiment.


The participant should press the space bar of the computer to start reading. Sentences are presented in units of Chinese characters, from left to right; participants press the space bar once to make the next Chinese character appear. After they finish reading a sentence, participants are required to answer a multiple-choice question. There are 6 practice sentences, and the target materials start from the seventh sentence. Each participant needs to read 113 sentences (64 target sentences, 49 distractor items), and the experiment takes 15–20 min in total. The system records the reaction time for each Chinese character and the correct rate of answers.

We did not present word by word for the following reasons: First, Chinese words vary in length. In Chinese, although two-syllable words are dominant, there are still many monosyllabic words, such as “是 (is),” and three-syllable words, such as “有时候 (sometimes),” and even words with more syllables. Therefore, the reaction time for given words is affected by their number of characters. Second, word-by-word presentation is not conducive to the analysis of the spillover effect. We analyzed the reaction time for three more Chinese characters after the target word; if stimuli were presented word by word, the spillover effect was not easy to measure. Third, character-by-character presentation is the closest to the typesetting of authentic reading materials in Chinese.




2.2. Results

The correct rate of the answers was above 90%, which proved that the participants had read the sentences carefully. We recorded the reaction time for the target word, which contained two characters, and the three characters following it. We deleted the data according to the following criteria: (1) if the correct rate of a participant is less than 60%, delete all the data for that participant; (2) data whose reaction time is shorter than 80 ms but greater than 1,500 ms; (3) data beyond ±3 standard deviations. A total of 492 data points were deleted, accounting for 4.6% of the total data.

We constructed linear mixed models of the self-paced reading data, using the lme4 package (Bates et al., 2015) in R version 4.2.2. We mainly examine the responses in five regions: the first character of the target word, the second character of the target word, and the third, fourth and fifth characters after that. The extra three characters after the target word are examined because there is a spillover effect in the self-paced experiment.

There was a significant difference in reaction time from the first character to the fifth character between the conditions of CP and NP: first character: t(223) = −3.967, p < 0.01; second character: t(347) = −4.859, p < 0.01; third character: t(348) = −5.128, p < 0.01; fourth character: t(345) = −5.300, p < 0.01; fifth character: t(347) = −5.609, p < 0.01, and CP < NP (see Figure 2). This shows that processing time for predictable words in high-constraint contexts is significantly shorter than that in low-constraint contexts. There was also a significant difference in reaction time from the first character to the fifth character between the conditions of CP and CU, first character: t(223) = −3.788, p < 0.01; second: t(346) = −3.832, p < 0.01; third: t(350) = −4.222, p < 0.01; fourth: t(345) = −4.753, p < 0.01; fifth: t(345) = −5.112, p < 0.01, and CP < CU (see Figure 2). This suggests that in high-constraint contexts, processing time for predictable words is significantly shorter than that for unpredictable words. The above two points confirm the existence of the context predictability effect in Chinese native speakers’ reading processing.

[image: Figure 2]

FIGURE 2
 Reaction time of Chinese native speakers in four conditions.


There was a significant difference in reaction time from the first character to the fifth character between the conditions of CU and NU, first character: t(221) = 3.145, p < 0.05; second character: t(349) = 3.439, p < 0.05; third character: t(349) = 4.014, p < 0.05; fourth character: t(344) = 4.448, p < 0.01; fifth character: t(344) = 5.007, p < 0.01, and CU > NU (see Figure 2). The processing time of unpredictable words in the high-constraint context is significantly longer than that in low-constraint context, indicating that there is a prediction error cost. Descriptive statistics are presented in Table 2.



TABLE 2 The average reaction time (in milliseconds) and standard error of Chinese L1 speakers.
[image: Table2]




3. Experiment 2


3.1. Method


3.1.1. Participants

A total of 19 Chinese L2 learners (9 males), aged 18–34 (M = 23.15, SD = 5.39), were recruited from the fourth grade (of five grades) of the Chinese summer program of a university in the United States. All of them were English native speakers. The participants had been learning Chinese for more than 3 years and can be assessed as advanced-level learners. They were able to read the experimental material with no difficulty, for two reasons: 1. The experimental materials were selected from Chinese teaching textbooks at junior and intermediate level; 2. We asked two Chinese L2 learners from the same group with participants to finish a pre-test to ensure that no unfamiliar words appeared.



3.1.2. Design

The experimental design was identical to that in Experiment 1.



3.1.3. Materials

The experimental materials were identical to those in Experiment 1.



3.1.4. Procedure

The experimental procedure was identical to that in Experiment 1.




3.2. Results

The correct rate of the questions was above 85%, which proved that the participants read the sentences carefully. We recorded the reaction time of the target word, which contained two characters, and the three characters following it. We deleted data according to the following criteria: (1) Data whose reaction time was shorter than 80 ms or greater than 1,500 ms; (3) Data beyond ±3 standard deviations. A total of 226 data points were deleted, accounting for 7.4% of the total data.

We constructed linear mixed models of the self-paced reading data, using the lme4 package (Bates et al., 2015) in R version 4.2.2 (R Core Team, 2022). We mainly examine the responses of five regions: the first character of the target word, the second character of the target word, and the third, fourth and fifth characters after that.

There was a significant difference in the reaction time from the first character to the fifth character between the conditions of CP and NP, first character: t(392) = −6.440, p < 0.01; second character: t(606) = −6.388, p < 0.01; third character: t(581) = −6.524, p < 0.01; fourth character: t(572) = −5.933, p < 0.01; fifth character: t(584) = −6.612, p < 0.01, and CP < NP (see Figure 3). This shows that the processing time of predictable words in high-constraint contexts is significantly shorter than that in low-constraint contexts. There was also a significant difference in the reaction time from the first to the fifth character between the conditions of CP and CU, the first character: t(389) = −6.152, p < 0.01; the second character: t(588) = −7.539, p < 0.01; the third character: t(587) = −4.676, p < 0.01; the fourth character: t(600) = −5.383, p < 0.01; the fifth character: t(580) = −6.311, p < 0.01, and CP < CU (see Figure 3). This shows that in high-constraint contexts, the processing time of predictable words is significantly shorter than that of unpredictable words. The above two points confirm the existence of a context predictability effect in Chinese L2 learners’ reading processing.
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FIGURE 3
 Reaction time of Chinese L2 Learners in four conditions.


There was also a significant difference in the reaction time for the first, second, fourth and fifth characters between the conditions of CU and NU, the first character: t(386) = 5.912, p < 0.01; the second character: t(608) = 22.712, p < 0.01; the third character: t(585) = 3.664, p < 0.01; the fourth character: t(596) = 5.902, p < 0.01; the fifth character: t(575) = 6.070, p < 0.01, and CU > NU (see Figure 3). The processing time of unpredictable words in high-constraint context is significantly longer than that in low-constraint context, indicating that there is a prediction error cost. Descriptive statistics are as follows (see Table 3)



TABLE 3 The average reaction time (in milliseconds) and standard error of Chinese L2 learners.
[image: Table3]




4. Comparison between two experimental results

We compared data from Chinese native speakers and Chinese L2 learners. There was a significant difference in the reaction time for all the conditions. For the first character, CP: t(218) = 20.891, p < 0.01; CU: t(420) = 20.837, p < 0.01; NP: t(424) = 20.937, p < 0.01; NU: t(214) = 20.633, p < 0.01. For the second character, CP: t(2412) = 18.408, p < 0.01; CU: t(604) = 19.808, p < 0.01; NP: t(624) = 17.672, p < 0.01; NU: t(2411) = 19.819, p < 0.01. For the third character, CP: t(2408) = 23.043, p < 0.01; CU: t(602) = 20.642, p < 0.01; NP: t(594) = 21.790, p < 0.01; NU: t(2404) = 24.046, p < 0.01. For the fourth character, CP: t(2413) = 23.393, p < 0.01; CU: t(608) = 21.214, p < 0.01; NP: t(581) = 21.528, p < 0.01; NU: t(2402) = 22.597, p < 0.01. This indicates that advanced Chinese L2 learners were significantly slower than Chinese native speakers when they did predictive processing. In a word, even though advanced Chinese L2 learners can establish the same prediction mechanism as Chinese native speakers, there is still a big gap in terms of speed of predictive reading between them.



5. Discussion

In response to the questions raised above, our results are: There is a context predictability effect in the reading processing of Chinese L1, which is consistent with the current academic consensus. There is a prediction error cost in reading processing for Chinese L1 speakers. The ERP result of Federmeier et al. (2007), DeLong et al. (2011, 2012), Chou et al. (2014) was proved by our behavioral experiments. There is a context predictability effect in the reading processing of advanced Chinese L2 learners. This is consistent with the findings of Clahsen and Felser (2006), Chambers and Cooke (2009), and Dussias et al. (2013). There is a prediction error cost in reading processing for advanced Chinese L2 learners. The ERP result of Zirnstein et al. (2018) is supported by our behavioral experiments. These results suggest that Chinese L2 learners can establish the same prediction mechanism as Chinese native speakers in reading processing.

The brain seems to cope with the speed and complexity of language processing by “thinking ahead,” that is, generating information about what might come and preparing to process it in advance at multiple levels, and this predictive processing brings benefit; at the same time, it will also bring cost (Federmeier, 2007). The benefit is manifested in the facilitation of the context predictability effect in L1 and L2 processing; that is, the processing time of predictable words is shorter than that of unpredictable words in high-constraint contexts (CP < CU) and that of predictable words in a high-constraint context is shorter than that in a low-constraint context (CP < NP); the cost is manifested in that the brain takes longer to process unpredictable words, because early activated target words are replaced, thus causing processing interference (CU > NU).

We can provide explanations for the above conclusions from two perspectives. One is Lexical Prediction. This theory holds that in the high-constraint context, target word activation is an “all or nothing” serial approach (DeLong et al., 2014; Kwon et al., 2017), so that when what is activated is not the target word, the brain will enter a “nothing” mode, that is, it needs to use more cognitive space to deal with emergencies, resulting in a prediction error cost.

The second explanation is Frontal LP (Late Positivity) Effects. Federmeier et al. (2007) observed the ERP data of the participants in the two intervals of 300–500 ms and 500–900 ms when they processed the unpredictable word in strongly constraining context and found the increased Frontal Positivity from 500 to 900 ms post-stimulus-onset, namely frontal LP effects. This discovery is very critical. On the one hand, it provides a possible explanation for the existence of prediction error cost, and on the other hand, it provides a new methodology for the research on contextual constraints. Delong et al. (2011) proved the existence of frontal LP effects, and further proposed that this effect is likely to occurs in parallel with the N400 of semantic activation and integration.

The reason why it is called processing “cost” is that when encountering an unpredictable component, the brain may need to invest more “extra” processing to override, revise, inhibit, or reanalyze the accruing contextual representation (Kutas et al., 2011; DeLong et al., 2012; Chou et al., 2014). For learners, in the short term, it may be “cost,” in the long run, it seems that readers will benefit from such a process (Kutas et al., 2011).

In addition, cognitive control ability also plays an important role in reading processing, especially inhibitory control. When readers encounter processing difficulties, meaning that their predictions are denied, they can play a mediating role. The cost of L2 reading is higher for L2 learners if they have poorer inhibitory control, and the same pattern of effect was found for L1 speakers (Zirnstein et al., 2018). Therefore, in second language teaching and learning, consciously training learners’ cognitive control, especially inhibitory control ability, is an effective way to improve reading ability.



6. Conclusion

This paper proves the existence of context predictability effect and prediction error cost in the reading processing of Chinese native speakers and advanced Chinese L2 learners. At an advanced level, Chinese L2 learners can build the same prediction mechanism as Chinese native speakers, but the learners are significantly slower than the native speakers in predictive riding processing. Teachers can take advantage of this to train Chinese L2 learners to consciously use predictive strategies, thereby improving reading ability and speed. The experimental results can be explained by Lexical Prediction and Frontal LP Effects.
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This study examined the role of basic linguistic skills (vocabulary, syntax, orthography, and morphological awareness), basic cognitive skills (working memory), and higher-order cognitive skills (inference making and reading monitoring) in reading Chinese as a second language (L2). A total of 252 international students from Pakistan, Indonesia, Malaysia, and Laos were recruited, and a range of measures including a Chinese reading comprehension test (HSK level 3), four linguistic knowledge tests on Chinese lexical, syntactic, and orthographic knowledge as well as morphological awareness, a reading span test, an inference making task, and an inconsistency detection test. The results of hierarchical multiple regressions showed that the measured linguistic skills and cognitive skills explained 80% of the variances in L2 Chinese reading, among which morphological awareness made the largest contribution. The path analysis revealed that linguistic skills and working memory contributed indirectly to reading comprehension via inference making and comprehension monitoring, while the two higher-order cognitive skills made direct contributions. Overall, this study demonstrates that inference making and comprehension monitoring contributed directly to reading comprehension, while linguistic skills and working memory functioned indirectly via the higher-order cognitive skills It also highlights the importance of morphological awareness in a hierarchical model of L2 Chinese reading.
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1. Introduction

Reading is a fundamental part of second language (L2) learning. International students learning in China also take Chinese reading as a way of cultural exploration. However, the remarkable differences between the Chinese language, ideography, and their native language may result in great difficulties in comprehension. In addition, complex cognitive processing underpins reading comprehension. It requires readers to understand not only the meanings of individual words but also ideas across sentences and larger stretches of texts. What factors may influence Chinese reading comprehension among international students in China? This study intends to explore a range of factors involved in Chinese reading comprehension and reveal the complex relations between language and cognitive skills. The findings of this study may provide insights into Chinese teaching and learning.



2. Literature review


2.1. Theories of reading comprehension

Studies of reading have been conducted at both word and sentence levels. At the word level, reading concerns how readers automatically map printed forms of words to the semantic meaning of words and initiate orthographic decoding, phonological encoding, and semantic integration (Frost et al., 2008). At the sentence level, the crux of the matter is how words are related to their mental representations. According to the reader’s situation model (Van Dijk and Kintsch, 1983), readers need to integrate related words into a comprehensible conceptual structure to achieve sentence level comprehension as their goal is beyond the mapping between forms and meanings. Therefore, readers need to construct a series of closely related conceptual units and establish a hierarchy of themes as their mental representations rather than a loose set of concepts (Fesel et al., 2015; Kim and Clariana, 2015, 2017).

Taking reading as the construction of situation models rather than form-to-meaning mapping does not diminish the importance of word knowledge in reading. On the contrary, it is vital for readers to integrate word meanings into relevant conceptual units. Reading System Framework (RSF, Perfetti and Stafura, 2014) encompasses both linguistic knowledge and cognitive skills, providing a framework that explains word-to-text comprehension processes. In RSF theory, three key hypotheses are proposed:

1. Three types of knowledge sources are employed in reading ranging from basic linguistic knowledge to general knowledge.

2. The processes of reading include decoding, word identification, meaning retrieval, constituent building (sentence parsing), inferencing, and comprehension monitoring.

3. These cognitive processes occur within an interactive processing system that has limited resources in terms of attention, memory, and control.

According to RSF theory, reading comprehension relies on basic cognitive function, fundamental linguistic knowledge, and higher-order cognitive functions. There is a hierarchical relationship between these language and cognitive skills. In terms of hierarchical relations, inference making is considered as a higher-order cognitive skill directly related to reading comprehension, as higher-order cognitive skills are capable of integrating multiple information across discourse to form a coherent whole (Strasser and Del Río, 2013; Kim, 2016). Comprehension monitoring is another higher-order cognitive skill that involves reflecting on and regulating an individual’s understanding of the incoming information. Readers use it to evaluate whether their understanding of the newly received information is coherent with those from the previous portion of the discourse and to resolve any discrepancies. In addition to the skills mentioned above, working memory, referring to the basic cognitive resource for processing general information, was also considered an important contributor to reading comprehension (Kim, 2016). Working memory defined as the capacity to store and manipulates information is the key to how efficiently a reader can hold, process, and recall information in mind (Seigneuric et al., 2000).

Reading comprehension is supported by cognitive skills, which, in turn, are supported by foundational language skills. Foundational language skills construct initial and literal propositions based on the words and phrases of the discourse. Foundational language skills are necessary for the construction of initial propositions by assigning meaning to individual words and sentences. But in many cases, the initial propositions are not complete and sometimes contradictory. Higher-order cognitive skills are necessary to integrate information across sentences, detect contradictions, and construct coherent mental representations (Kim, 2016, 2017; Oakhill, 2020).

In sum, reading comprehension is conceptualized as having three levels: the basic cognitive skill, foundational language skills, and higher-order cognitive skills. These language and cognitive skills have hierarchical relationships, which can be characterized as having direct and/or indirect routes towards reading comprehension. According to the RSF theory, cognitive skills (i.e., inference making and comprehension monitoring) are higher-order skills, directly related to reading comprehension. As foundational language skills (e.g., syntactic, lexical, morphological, and orthographic knowledge) are necessary to attach meaning to individual words and sentences, they should be placed at a lower level, contributing directly or indirectly to reading comprehension. The basic cognitive skill (i.e., working memory) that manipulates and stores the information in mind is placed at the same level as the foundational language skills.



2.2. Factors in reading comprehension


2.2.1. The impact of foundational linguistic skills

Successful reading comprehension includes two phases: a foundation phase and a construction phase. Linguistic knowledge as a foundational skill for reading encompasses vocabulary, morphological awareness, syntactic knowledge, and orthographic knowledge to facilitate further information integration. In this section, we will discuss these different types of linguistic knowledge that are essential to reading comprehension.

Developing a strong vocabulary is at the core of reading comprehension. In order to make propositions, readers must be able to attach meaning to most words in a text, assisting the integration and construction of text meaning. Vocabulary is strongly correlated with reading comprehension (Cain et al., 2004; Seigneuric and Ehrlich, 2005). In previous studies, vocabulary was a strong predictor of reading comprehension among native Chinese speakers (Leong and Ho, 2008) as well as L2 Chinese learners (Zhang and Koda, 2018; Zhang et al., 2021).

Despite that vocabulary is foundational, in the absence of syntactic knowledge, the text cannot be understood. Syntactic knowledge provides readers with necessary rules to understand sentence structures, identify syntactic categories of words, and process text information at discourse level. A good understanding of syntactic structures facilitates the recognition of word meaning as well as sentence and discourse comprehension. Syntactic knowledge is crucial for Chinese reading due to the unique features of Chinese such as the absence of an inflectional system, more flexible word order, and more extensive use of connectives (Li and Thompson, 1981). Chinese readers rely on their syntactical knowledge to seek information about tense, number, and their semantic relations (Lin, 2006). Besides, word order is more flexible in Chinese. There are two main types of structure in Chinese: subject-verb and topic-prominent. The basic word order in Chinese is SVO. For example, in 我爱吃面条 (I love to eat noodles), 我 (I) is the subject, 爱吃 (love to eat) are two verbs serving as the predicate, and 面条(noodles) is a noun serving as the object. In the above sentence, the object 面条(noodles) can be moved to the beginning of the sentence to form a topic-comment sentence (面条，我爱吃), which means “As for noodle, I love to eat (it).” The topic can be extended to several subsequent sentences once it has been established (Chik et al., 2012). Therefore, Chinese readers often come across sentences without subjects. Another important characteristic of Chinese syntax is the extensive use of connectives indicating cause, time, and contrast. It is thus important to keep track of the logic and semantic relations between words and phrases within a sentence and also across sentences with the help of syntactic knowledge of word order and connectives. Therefore, Chinese readers rely on their syntactic knowledge to accomplish reading comprehension and information processing. Syntactic knowledge was found to be an important contributor to the comprehension of sentences and texts (Chik et al., 2012; Tong et al., 2014; Lo et al., 2016).

However, whether syntactic knowledge may exert an impact on Chinese reading via cognitive skills has not been examined in depth. Hung’s (2021) recent study represents such an attempt to find the intertwined relationships between syntactic skills and cognitive skills. She found an indirect effect of executive function (as measured by working memory tasks and inhibition tasks) on Chinese Grade 2 and 3 students’ reading comprehension through syntactic awareness (as measured by a word order correction task). However, no indirect effects of executive function were found on reading through inference-making, refuting her original hypothesis that executive function can support inference making to achieve passage-level comprehension. The question that remains to be answered is whether the intertwined relationships between language and cognitive skills remain the same among L2 Chinese readers.

Orthography also plays an important role in Chinese reading. Chinese has a morphosyllabic orthography that consists of characters, radicals, and strokes, and each character represents both a morpheme and a syllable (Shu et al., 2000). A character is composed of radicals, which in turn is composed of strokes. In Chinese characters, about 80% or so are phonetic-semantic (Shu et al., 2003), containing both semantic and pronunciation information. Semantic radicals reveal a character’s meaning, while phonetic radicals reveal a character’s sound. Chinese radicals at particular positions (top, bottom, left or right) determine or pertain to the sound or meaning of the character. The orthographic knowledge of Chinese can greatly promote beginner-level L2 readers of Chinese since a significant part of modern Chinese characters is regarded as semantic–phonetic compounds that contain both semantic and phonetic components (Shu et al., 2003). In Chinese, faster mapping occurs from orthographic information to semantic information than from orthographic information to phonological information (Yang et al., 2006). Empirical evidence has shown that for L1 Chinese children, Chinese reading comprehension was greatly influenced by their orthographic knowledge (Cheung et al., 2007; Yeung et al., 2016). A further question to be resolved is whether this is also the case for L2 Chinese readers.

Apart from the factors mentioned above, morphological awareness also plays a significant role in reading comprehension because it can help readers generate important clues about meaning in alphabetic languages like English and Spanish (Carlisle, 2000) as well as in the non-alphabetic language like Chinese (Packard, 2000). Morphological awareness is defined as the ability to reflect and draw on the componential units of words that carry meanings such as derivational and inflectional affixes in English (Carlisle, 2000; Kieffer et al., 2013). It has been well-established that morphological awareness is a crucial skill for achieving high-quality reading comprehension in alphabetic language such as English (Carlisle, 2000; Nagy et al., 2006; Tong et al., 2011; Kieffer et al., 2013). The samples of these studies mainly constituted English-speaking children from elementary grades. It has been noticed that there was a lack of variance in the certain aspect of morphological awareness (e.g., inflectional knowledge) among English-speaking children from more advanced grades because the foundational linguistic skill such as morphological awareness became well-developed as children grew up (Kuo and Anderson, 2006). It has also been found that morphological awareness can contribute to reading comprehension both directly and indirectly via a range of other foundational language skills such as lexical skill (Kieffer et al., 2013) and phonological skill (Nagy et al., 2006). However, less is known about how morphological awareness interacts with cognitive skills.

A major difference between Chinese and alphabetic languages is that in Chinese, there is a lack of correspondence between the orthographic units and phonemes as seen in alphabetic languages. The orthographic unit needs to be recognized as a whole before activating the phonology (Florit and Cain, 2011). As an analytic language, 75% of Chinese words contain two or three morphemes that rely heavily on morphological knowledge to access semantic clues and make inference about words’ meaning (Chen et al., 2009). For example, 上下车 (get on the car/get off the car) in Chinese is formed by three morphemes or characters, 上 (get on), 下 (get off), and 车(car). Readers can make inferences about word meaning based on the three morphemes. Therefore, morphological knowledge is essential for Chinese reading comprehension.

Most studies on the role of morphological awareness in Chinese reading focus on native Chinese speakers. It was found that morphological awareness directly contributed to reading comprehension and indirectly predicted reading comprehension through word reading for Chinese kindergarteners (Pan and Lin, 2023), Grade 1 to 2 Chinese pupils (Cheng et al., 2017), Grades 3 and 4 children (Qiao et al., 2021). However, Zhang's (2014) study on Chinese second graders found that the effect of morphological awareness on reading comprehension was mediated by lexical inference ability and vocabulary knowledge and that morphological awareness had no significant contribution to reading comprehension after controlling for the two mediating factors. It should be noticed that morphological awareness was measured differently in these studies. Zhang (2014) adopted a morpheme recognition and a morpheme discrimination task, while others employed either a compound production task (Cheng et al., 2017) or a morphological construction task (Qiao et al., 2021; Pan and Lin, 2023).

Only a small number of recent studies have examined morphological awareness in L2 Chinese reading comprehension. A recent study on L1 English learners of L2 Chinese showed that morphological awareness (as measured by morpheme segmentation and morpheme discrimination) directly contributed to reading comprehension, while lexical inference directly contributed to reading and mediated the effect of morphological awareness on reading comprehension (Zhang et al., 2021). Another study on Chinese as a heritage language adult learners found that morphological awareness (as measured by structural awareness and functional awareness) directly contributed to reading comprehension (in the form of lexical inference and passage comprehension) and mediated the effect of vocabulary knowledge on reading comprehension (Zhang and Koda, 2018).

These studies showed that although morphological awareness is essential in explaining Chinese reading performance, the route it takes to affect comprehension varies when different skills are added to the model. Until recently, few studies integrate a full range of cognitive skills such as monitoring and working memory into a model of Chinese reading. We now turn to see why these cognitive skills are essential in understanding Chinese reading comprehension.



2.2.2. Basic cognitive skill: Working memory

Working memory, as the basic cognitive function, is related to a set of processes occurring during reading comprehension, such as inhibition, deployment of attention, information update, and so on. It has a significant impact on the development of reading comprehension capacity (Perfetti and Stafura, 2014). Working memory is more than a passive repository otherwise it would be reduced to a mere container of the incoming information. It is a cognitive system serving as a threshold that can control and manipulate the information going into the permanent memory. To be more precise, working memory is a cognitive system limited in capacity, which can affect higher-order cognitive activities such as reading comprehension, language production, inference making, and problems solving (Oberauer et al., 2003).

Working memory not only integrates information but also inhibits irrelevant information in order to release the limited processing capacity that can be used for drawing complex inferences. According to the Structure Building Framework (Gernsbacher, 1990), the goal of comprehension is the building of a cohesive mental representation, or structure, which relies on three processes, laying a foundation, mapping, and shifting. When there is an inconsistency in the information flow, working memory will suppress the irrelevant information and shift it to another subset. If there the information is consistent, working memory will be reinforced.

Working memory inhibitory mechanisms consist of two important skills: blocking information flow and deleting irrelevant information (Hasher and Zacks, 1988). These skills ensure that irrelevant information is deleted and unable to enter working memory so that only relevant information gets processed. Readers with stronger working memory can better suppress the information (Yeari and van den Broek, 2011). The stronger the suppression is, the more efficient working memory becomes, and the better reading comprehension is achieved. The inhibitory mechanism can promote working memory and contribute to the construction of a coherent mental representation (Perfetti and Stafura, 2014). Chinese reading comprehension consumes more cognitive resources than alphabetical reading (Diamond, 2013). Recent studies on Chinese reading have shown that working memory supports reading comprehension (Weng et al., 2016; Liu and Wu, 2022; Yeung, 2022). Readers with poor working memory are not likely to perform well in reading. However, it is still unclear how working memory would influence L2 Chinese reading in a hierarchical model of comprehension.



2.2.3. Higher-order cognitive skills

Inference making and comprehension monitoring were the two higher-order cognitive skills investigated in this study. Inference making is crucial for proficient reading and pertains to higher-order cognitive skills (Singer et al., 1994). To construct mental representations of meaningful events in a text, readers need to establish relations and draw inferences based on the context and background (Currie and Cain, 2015). Readers make inferences about local and global coherence to fill in details not explicitly stated in the text (Graesser et al., 1994). As a result, inference making skill ensures that information in the text is integrated with information from other sentences and world knowledge, filling in the information gaps and promoting local and global coherence. Readers’ inference making skills predict their reading comprehension in both English (Cain et al., 2001) and Chinese (Zhao et al., 2022). However, less is known about the role that inference making plays in a hierarchical model of the linguistic-cognitive skills for L2 Chinese reading comprehension.

Comprehension monitoring skills will be employed during the unfolding of text and the integration of new information (Zhao et al., 2022). Readers with strong reading comprehension skills are more likely to identify contradictory information and monitor their comprehension more effectively and incorporate it into a situation model (Cain, 2009). As readers monitor their understanding of words and sentences, they evaluate their propositions and integrate their knowledge of word usage and word knowledge (Kinnunen et al., 1998). Readers with strong comprehension skills are more likely to engage in strategic processing, discover connections between text elements, and draw on prior knowledge to promote understanding. In contrast, readers with weaker comprehension skills are less likely to achieve consistent monitoring of their comprehension and often fail to suppress or repair inconsistencies within a text (Kinnunen et al., 1998). A study on English-speaking children has shown that comprehension monitoring is an important variable contributing to reading comprehension after controlling other aspects (decoding, vocabulary, and working memory) of language comprehension (Yeomans-Maldonado, 2017). Zhao et al. (2022) found direct relation of comprehension monitoring to Chinese reading comprehension. The case of L2 Chinese readers is less discussed.



2.2.4. Higher-order skills as mediators

According to RSF theory, the higher-order cognitive skills (e.g., monitoring and inference making) might mediate the effects of the foundational language skills on reading comprehension. Empirical evidence has shown, for example, that the skills for generating different types of inferences are heavily dependent on different types of vocabulary knowledge (Oakhill et al., 2015). Another study on English-speaking children found that the effect of vocabulary knowledge on reading comprehension was mediated by inference making skill (Silva and Cain, 2015).

Similar to the results of inference making studies, there has been evidence showing that foundational language skills underpin the comprehension monitoring skill (Kim, 2015; Zargar et al., 2020). Zargar et al.’s (2020) eye-tracking study on English-speaking children found that the gaze duration (an indicator of comprehension monitoring in the form of comprehension evaluation) was dependent on vocabulary knowledge. Kim’s (2015) study on Korean-speaking children found that vocabulary and syntactic knowledge were directly related to listening comprehension and also indirectly predicted listening comprehension via comprehension monitoring. It also found that listening comprehension and word reading mediated the effects of all language skills and cognitive skills on reading comprehension. The importance of syntactic knowledge for comprehension monitoring lies in the fact that it allows readers to better understand the grammatical relations between words and sentences and detect syntactic errors.




2.3. Purpose of this study

Despite the fact that previous studies have found evidence that supports the significant contributions of basic cognitive skills, foundational language skills and higher-order cognitive skills to Chinese reading comprehension, the hierarchical relationships among these skills have not been examined in a single synthesized model. Several previous studies have started to construct such an integrated model of reading comprehension. For example, Kim’s (2017) model of native English children’s reading comprehension covered working memory, vocabulary, grammatical knowledge, inference, comprehension monitoring, word reading, and listening comprehension. Pan and Lin’s (2023) model of Chinese children’s reading comprehension covered nonverbal IQ, phonological awareness, morphological awareness, orthographic knowledge, vocabulary knowledge, word reading, and listening comprehension. These two models both drew on the two important factors in the simple view of reading, word reading and listening comprehension (Hoover and Gough, 1990). However, these two skills can be further divided into componential skills. Treating them as a whole may blur the hierarchical relationships among the componential language and cognitive skills in reading. Zhao et al.’s (2022) model shared a similar attempt with the current study. She explored the direct and indirect effects of language skills (vocabulary, syntactic knowledge, and orthographic knowledge) and cognitive skills (inference making and comprehension monitoring) on Chinese Grade 3 pupils’ reading comprehension. However, she did not include key factors such as morphological awareness and working memory. Also, previous studies are mainly interested in native speakers of English or Chinese, few studies provide insights into the L2 Chinese learners’ reading performance.

To extend our understanding of the significance of the basic cognitive skill (working memory), foundational language skills (syntactic knowledge, lexical knowledge, orthographic knowledge, and morphological awareness), and higher-order cognitive skills (inference making and comprehension monitoring) in explaining Chinese reading comprehension, these skills were examined in one model in the current study. More importantly, the research also examined the direct and indirect contributions of each variable to gain the hierarchical relations among language skills, basic cognitive skill, and higher-order cognitive skills with respect to reading comprehension in L2 Chinese learners. Specifically, the study sought to answer two research questions:

1.How do these three facets (the basic cognitive skill, foundational language skills, higher-order cognitive skills) make their contributions to the L2 Chinese reading comprehension?

2.What are the direct and/or indirect routes each skill took to affect L2 Chinese reading comprehension?

Regarding the first research question, we hypothesized that Chinese reading comprehension would be influenced by language and cognitive skills, and each cognitive and language skill had a unique contribution to Chinese reading comprehension. Multiple regressions were used to determine each variable’s contribution.

Regarding the second question, based on previous research, language skills were intertwined with cognitive skills in reading comprehension, for example, the association between syntactic knowledge and executive function (Hung, 2021), the relationship between vocabulary and inferencing (Oakhill et al., 2015; Silva and Cain, 2015), and the relationship between vocabulary and monitoring (Zargar et al., 2020). The higher-order cognitive skills may mediate the relationship between language skills and reading comprehension. Therefore, we used a path analysis method to determine how well our proposed model fits current data and examine the significance of each direct and indirect path in the model. We hypothesized that the basic cognitive skill and foundational language skills contribute to reading comprehension via higher-order cognitive skills which function as mediators.




3. Method


3.1. Participants

A total of 252 first-year college students ranging from 18 to 21 years old were enrolled from four different universities in China. One student dropped out, so 251 students took the tests (131 males, 120 females, Mage = 19.73 years, SD = 1.28). They were international students from Pakistan, Indonesia, Malaysia, and Laos. Their mother tongues belong to alphabetic languages different from Chinese. All of them passed the HSK2-level language exam before arriving in China.

All participants learned HSK3-level Chinese curriculum including reading as a core subject, not as a separate one. Chinese curriculums focus on the teaching and learning of texts from HSK3-level Standard Course. At the end of HSK3-level Chinese curriculum, participants have grasped 600 Chinese characters with basic proficiency in Chinese reading. According to their teachers, all participants exhibited no hearing impairments or language impairments. Participant permission was obtained for the study.



3.2. Measures


3.2.1. Working memory test

Working memory tests are a battery of tasks that measures people’s capacity to temporarily store and process various types of information. These tasks can be categorized into simple/complex linguistic tasks and simple/complex non-linguistic tasks. Reading span tasks and operation span tasks are widely used in empirical studies. The present study adopted a linguistic working memory task. Adapted from Kim’s (2016) study, a reading span task was carried out on E-Prime 2.0. It contained 30 experimental trials and 5 practice trials. In each trial, participants saw a sentence of 7 to 10 Chinese characters followed by a Chinese word in bold type (e.g., 小王，请帮我开门，谢谢。北京. Xiao Wang, open the door for me please. Beijing.). All the trial sentences were selected from HSK3-level syllabuses. The participants were tested in two dimensions. The first dimension was the capacity to store linguistic information. After each sentence was presented, participants were required to identify whether a new word on the screen matched the last word of the trial sentence. The second dimension was comprehension. A statement about the trial sentence was presented and the participants were asked to judge whether the statement was correct or not (yes/no response). The task consisted of a total of 15 items. Each item is given 2 marks. In order to get 2 marks, participants had to recall new words on the screen and respond to yes/no questions. The maximum score for the task was 30. Cronbach’s alpha for this working memory test was α = 0.91.



3.2.2. Chinese reading comprehension test

Reading comprehension capacity can be tested at sentence and discourse level (Tunmer and Chapman, 2012). This study administered a Chinese reading comprehension test adapted from the HSK3-level texts. There were 20 multiple choice questions for them to answer. Each item was given one mark. At sentence level, the participants were presented with 10 sentences, each with a blank. They were required to select appropriate answers from the choices provided. For example:



At discourse level, the participants were presented with 10 paragraphs, each with one or two questions. They were required to select appropriate answers from the choices provided. For example:



The maximum score for the task was 20. The reliability of the comprehension test was 0.81.



3.2.3. Linguistic knowledge tests

The linguistic knowledge of participants was measured in terms of four aspects: syntactic knowledge, lexical knowledge, orthographic knowledge, and morphological awareness. Totally 60 test items (15 items for each type of knowledge and each item one mark) were selected or adapted from HSK3-level examinations and the HSK3-level syllabus. The maximum score for the task was 60.

Syntactic knowledge was assessed by using a cloze task (Cronbach’s alpha at 0.87). There were 15 items, and each item was given 1 mark. The total score was 15 marks. The highly frequent use of conjunctions is a prominent feature of Chinese syntax and the knowledge about conjunctions can be regarded as an indicator of syntactic knowledge (Li and Thompson, 1981). The participants were presented with sentences missing conjunction words and required to select appropriate answers.



Lexical knowledge was measured by two tasks. The first task was to choose synonyms for underlined words in a sentence or paragraph. The second task was to choose appropriate words to complete a sentence or a paragraph. Altogether, there were 15 items in the two tasks, with 7 items for choosing synonyms and 8 items for choosing appropriate words and each item was given 1 mark. The total score was 15 marks. The reliability of this vocabulary test was 0.89.

Orthographic knowledge was assessed using a Chinese character decision task containing 5 real Chinese characters, 5 non-characters, and 5 pseudo-characters. The design of the non-characters and pseudo-characters followed a fundamental principle that possible constituents (radicals and strokes) of a Chinese character should be placed in their legal positions (Liu et al., 2017). There were 15 items, and each judgement was given 1 mark. The total score was 15 marks. The reliability of the orthographic knowledge test was 0.91.

The morphological awareness test was adapted from that of McBride-Chang et al. (2003). The morphological awareness in the study was composed of a test on homophones and a test on compounds. The homophone production test (Cronbach’s alpha at 0.83) is intended to measure participants’ knowledge of homophones. For example, participants were asked to produce a word (e.g., 时间 time) using a Chinese character时shí and then produce words (e.g., 石头stone、食堂canteen、实验experiment) using its homophones such as 石shí, 食shí, 实shí. Two solutions were required for each target character. Each correct solution was given a score of 0.5. The total number of test items was 10. The compounding semantic morpheme test (Cronbach’s alpha at 0.79) required participants to produce a compound word based on a specific description of a concept. An example question would be: “If a type of oil is made of sesame, then it is called sesame oil (芝麻油). If a type of oil is made of peanuts, what should we call it?” The answer should be peanuts oil (花生油). Similarly, each correct answer was given 1 mark. There is no point for participants who spelled incorrectly. There were 10 items. The total score was 15 marks.



3.2.4. Higher-order cognitive skill tests

The inference making task and the comprehension monitoring task were developed to test whether the participants derive coherent information and detect inconsistencies in stories. Both tasks were administered on Eprime 2.0. The inference making task was adapted from Muijselaar (2018). It included 10 stories at the difficulty level appropriate for HSK3-level readers. Each story was followed by one question. After reading the stories, questions were presented on the screen. Participants were given one mark if they answer one question correctly. The total score was 10. In inference making test, the reliability of the inferencing was 0.83.

The monitoring task was adapted from Kim (2015). It still included 10 stories at the difficulty level appropriate for HSK3-level readers, with 7 information inconsistencies stories, and 3 normal stories. Each story was presented on the screen and followed by a true-or-false question. Each question was given 1 mark, and the total score was 10. The reliability of the monitoring task was 0.87.




3.3. Data analysis strategy

The data were analyzed using three major statistical approaches. Correlation analysis was conducted to investigate the relationship between the variables. Multiple regression methods were used to determine the unique contribution of each cognitive and language skill to reading comprehension. Correlation and hierarchical multiple regression were conducted by SPSS 28.0. Path analysis was conducted by Mplus 8.3 (Muthén and Muthén, 2017), which is used for determining how well our proposed model fit the available data, as well as evaluating the significance of each direct and indirect path.




4. Results


4.1. Descriptive analysis and preliminary analysis

The results of descriptive statistics and correlation analysis of the variables were shown in Table 1. Table 1 included the mean and SD, skewness, kurtosis as well as the bivariate correlations among the measures. Skewness and kurtosis of all variables are within an acceptable range, demonstrating normal distribution. Correlation analyses used the Pearson correlation test. L2 Chinese reading grade was weakly to strongly correlated with fundamental skills (orthographic knowledge, vocabulary, syntactic knowledge, morphological knowledge), basic cognitive skills (working memory) and high-order cognitive skills (inference making and monitoring) in the Pearson correlation test (0.16 ≤ rs ≤ 0.64, ps < 0.01). Higher-order cognitive skills (inference making and monitoring) were strongly related to L2 Chinese reading (0.63 ≤ rs ≤ 0.64); There was a weak to strong relationship between basic cognitive skills (working memory), fundamental skills (orthographic knowledge, vocabulary, syntactic knowledge, morphological knowledge) and high-order skills (inference making and monitoring) (0.21 ≤ rs ≤ 0.66).



TABLE 1 Descriptive statistics and bivariate correlations among variables.
[image: Table1]



4.2. Hierarchical multiple regression

A hierarchical multiple regression was performed to figure out the contributions of these variables to Chinese reading comprehension. Orthography, vocabulary, syntactic knowledge, morphology, working memory, inferencing and monitoring were independent variables; L2 Chinese reading was the dependent variable. In multiple regressions, the unstandardized coefficient B, standardized coefficient β, standard error (SE), ∆R2, and R2 are presented in Table 2. Standardized coefficient β was adopted to interpret the contributions of each variable (Jordan et al., 2013). All variables made statistically significant contributions to Chinese reading comprehension. Orthographic knowledge (β = 0.01, p < 0.05), lexical knowledge (β =0.05, p < 0.05), syntactic knowledge (β = 0.05, p < 0.01), morphological awareness (β = 0.40, p < 0.01), working memory (β = 0.22, p < 0.01), inference making (β = 0.23, p < 0.01), and comprehension monitoring (β = 0.21, p < 0.01) had a significant influence on Chinese reading comprehension. Overall, the basic cognitive skills, foundational language skills and higher-order cognitive skills explained 80% (F (7, 243) =72.89; p < 0.01) of the variances in L2 Chinese reading comprehension.



TABLE 2 Hierarchical multiple regression of the model predictors on reading comprehension.
[image: Table2]

Another purpose of the analysis was to determine the amount of unique variance in L2 Chinese reading that could be explained by each independent variable, respectively. In order to achieve the purpose, hierarchical multiple regressions were conducted. In the first step of each regression, all other variables were entered except for one, which was entered in the second step to determine the unique variance explained by that particular variable. Statistical analysis revealed that each of these variables contributed to the L2 Chinese reading after accounting for all other variables: orthographic knowledge 1% (p < 0.01), vocabulary 4% (p < 0.01), syntactic knowledge 5% (p < 0.01), morphological knowledge 23% (p < 0.01), working memory 17% (p < 0.01), inference making 16% (p < 0.01) and comprehension monitoring 14% (p < 0.01). According to Cohen (1988) f2’s definition of effect sizes, small effect sizes as 0.02, medium effect sizes as 0.15, and large effect sizes as 0.35. The effect sizes of morphological skills (Cohen f2 = 0.85), working memory (Cohen f2 = 0.55), inference making (Cohen f2 = 0.5) and monitoring (Cohen f2 = 0.4) are large. The effect sizes of vocabulary (Cohen f2 = 0.2) and syntactic knowledge (Cohen f2 = 0.25) are medium. The effect size of the orthography skill (Cohen f2 = 0.02) was small.



4.3. A path analysis

The path analysis was carried out using Mplus 8.3 (Muthén and Muthén, 2017) and the full information maximum likelihood estimator. Model fits were evaluated by the following indices: the χ2 statistic, comparative fit index (CFI), Tucker-Lewis index (TLI), root mean square error of approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR). It was suggested that chi-square test should be used to compare model fits and the model was rejected if p < 0.05 (Hu and Bentler, 1999). A good fit of the model is indicated by the χ2 statistic to degrees of freedom ratio (χ2/df) equal to or less than 3 (Mclver and Carmines, 1981), TLI and CFI equal to or greater than 0.95 (Kline, 2005). A cutoff value close to 0.08 for SRMR and 0.06 for RMSEA are needed to report a good fit (Hu and Bentler, 1999). RMSEA values below 0.08 and SRMR equal to or less than 0.05 indicate an excellent model fit (Kline, 2005). The model had a good fit shown in Table 3.



TABLE 3 A path analysis model fit.
[image: Table3]

All the statistically significant paths and their standardized path coefficients are reported in the model, as shown in Figure 1 and Table 4. First, we focused on the direct relationship between three facets and L2 Chinese reading comprehension. The path coefficients (𝛽) in the structural model ranging from 0 to 0.1, 0.11 to 0.30, 0.31 to 0.50, and > 0.50 are indicative of weak, modest, moderate, and strong effect sizes (Hair and Alamer, 2022). Statistically significant evidence was found for the direct effect of cognitive skills, inference making (β = 0.46, p < 0.01, moderate effect sizes) and comprehension monitoring (β = 0.41, p < 0.01, moderate effect sizes), on L2 Chinese reading. Inference making was predicted by orthographic knowledge (β = 0.04, p < 0.05, modest effect sizes), vocabulary (β = 0.23, p < 0.01, modest effect sizes), syntactic knowledge (β = 0.29, p < 0.01, modest effect sizes), morphological knowledge (β = 0.51, p < 0.01, strong effect sizes) and working memory (β = 0.48, p < 0.01, moderate effect sizes). Monitoring was predicted by orthographic knowledge (β = 0.03, p < 0.05, modest effect sizes), vocabulary (β = 0.21, p < 0.01, modest effect sizes), syntactic knowledge (β = 0.31, p < 0.01, moderate effect sizes), morphological knowledge (β = 0.55, p < 0.01, strong effect sizes) and working memory (β = 0.46, p < 0.01, moderate effect sizes).

[image: Figure 1]

FIGURE 1
 Standardized structural regression weights for the direct and indirect effects of the predictors in the L2 Chinese reading model.




TABLE 4 Direct, indirect, and total effect estimates of the model predictors on L2 Chinese reading.
[image: Table4]

Second, we focused on the indirect relationship between three facets and L2 Chinese reading comprehension. Orthographic knowledge, vocabulary, syntactic knowledge, morphological knowledge and working memory had indirect effects on Chinese reading via two routes, inference making or comprehension monitoring. Inference making was predicted by Orthographic knowledge (ab = 0.018, 95% CI [0.012, 0.093]; weak effect sizes), vocabulary (ab = 0.106, 95% CI [0.019, 0.103]; modest effect sizes), syntactic knowledge (ab = 0.133, 95% CI [0.023, 0.119]; modest effect sizes), morphological knowledge (ab = 0.235, 95% CI [0.105, 0.218]; modest effect sizes) and working memory (ab = 0.221, 95% CI [0.093, 0.220]; modest effect sizes). Comprehension monitoring was predicted by orthographic knowledge (ab = 0.073, 95% CI [0.014, 0.099]; weak effect sizes), vocabulary (ab = 0.086, 95% CI [0.021, 0.112]; weak effect sizes), syntactic knowledge (ab = 0.127, 95% CI [0.020, 0.116]; modest effect sizes), morphological knowledge (ab = 0.226, 95% CI [0.102, 0.211]; modest effect sizes) and working memory (ab = 0.189, 95% CI [0.087, 0.191]; modest effect sizes). In general, the effect sizes of orthographic knowledge and vocabulary in L2 Chinese reading are modest, even though they are statistically significant. Therefore, the results of the path analysis highlight the indirect effects of working memory, morphological knowledge and syntactic knowledge on L2 Chinese reading comprehension via inference making and comprehension monitoring.




5. Discussion

For the first question, how do these three facets (the basic cognitive, foundational language skills, and higher-order cognitive skills) make contributions to L2 Chinese reading comprehension? This study used hierarchical multiple regressions to examine the unique contributions of the three facets to L2 reading in Chinese. The results showed that altogether these factors explained 80% of the variances in L2 Chinese reading. The results are partly supported by evidence from Zhao et al. (2022) model. We extended prior research findings by (a) including morphological awareness and working memory in the multiple regressions model; (b) using data from L2 Chinese learners.

The present model explained substantial variances (80%) in L2 Chinese reading comprehension. Morphological knowledge explained the largest variance, that is 23% of the variance in Chinese reading comprehension, compared with other linguistic skills (i.e., vocabulary 4%, syntactic knowledge 5%, orthographic knowledge 1%). The importance of morphological awareness was found in L1 English children (Carlisle, 2000; Nagy et al., 2006; Tong et al., 2011; Kieffer et al., 2013), L1 Chinese children (Cheng et al., 2017; Qiao et al., 2021; Pan and Lin, 2023), heritage learners of Chinese (Zhang and Koda, 2018). There is a lack of correspondence between the orthographic units and phonemes in Chinese, which is different from alphabetic languages. This requires native Chinese speakers to rely on morphological knowledge, especially L1 Chinese children (e.g., Cheng et al., 2017). They need to develop a sensibility of how Chinese words represent meaning at the morphemic level because Chinese has a logography that contains a large number of homophones and polysemes. These structures are challenging for L1 Chinese learners and can interfere with comprehension (Leong and Ho, 2008). L1 Chinese readers with stronger morphological skills have quicker access to the lexicon and are able to extract meaning more easily from the text. Especially when they read words they do not already know, a morphological analysis may assist them in making an educated guess about the semantic and syntactic category of an unknown word. In the current study, the importance of morphological awareness was extended to L2 Chinese learners. The participants were college-level international students from alphabetic language backgrounds with well-developed cognitive skills and ample reading experience in their native language, but the results showed that they still relied on morphological knowledge. However, it should be noticed that morphological awareness influenced L2 Chinese reading indirectly through cognitive skills, which is an interesting finding we will now turn to.

For the second question, what are the direct or indirect roles each facet plays in the process of L2 Chinese reading comprehension?

The results indicated that that working memory was directly related to inference making and monitoring and indirectly contributed to L2 Chinese reading comprehension via the two higher-order cognitive skills. These cognitive skills are cooperating with each other when supporting reading comprehension. Working memory holds and retrieves relevant information in readers’ mind when processing incoming language input. At the same time, working memory inhibits guessing errors when readers encounter contradictory information (Van Reybroeck and De Rom, 2020). For example, when Chinese readers encounter an orthographic neighbor, which replaced strokes with an orthographically close Chinese character (such as 友 (friends) v.s. 发(hair)), poor readers may fail to monitor and inhibit Chinese lexical orthographic neighbors in lexical competition, consequently causing a negative influence on the Chinese reading comprehension. An inference in reading comprehension is the process of filling in information gaps by manipulating the clues stored in working memory. According to Yuill and Oakhill (1991), a lack of adequate inferencing occurs when one is not aware of the fact that inferencing is necessary, when one lacks the background knowledge, or when one’s working memory is inadequate.

This finding extended the existing research findings about the role of working memory in Chinese reading (Weng et al., 2016; Liu and Wu, 2022; Yeung, 2022), showing a more complex relationships among working memory, inference making, comprehension monitoring and L2 Chinese reading comprehension.

A notable result in the current study was that inferencing and monitoring mediated the relationship between morphological awareness and reading comprehension. This is in line with the findings by Ke and Koda (2017) who have observed that L1 English learners of Chinese who were more sensitive to the morphological structure of multi-character words were more successful in inferring the meanings of unfamiliar words.

For native speakers of alphabetic language such as English, it has been found that morphological awareness can contribute to reading comprehension directly or indirectly via a range of other foundational language skills such as vocabulary (Kieffer et al., 2013) and phonological awareness (Nagy et al., 2006). In our study, morphological awareness and other language skills turned out to be parallel factors whose effects on reading comprehension was mediated by higher-order cognitive skills. Previous studies (e.g., Nagy et al., 2006; Kieffer et al., 2013) did not consider the hierarchal relationships among cognitive skills and language skills. The variations among these findings could be explained by the specific component skills under investigation in different models.

Our findings are also slightly different from a recent study on L1 English learners of L2 Chinese (Zhang et al., 2021). They found that morphological awareness directly contributed to reading comprehension, while lexical inference directly contributed to reading and mediated the effect of morphological awareness on reading comprehension. In our case, we only found indirect contribution of morphological awareness to L2 Chinese reading through the two higher-order cognitive skills (i.e., inference making and monitoring). The discrepancy may be explained by different measurements of morphological awareness. The morphological awareness in the current study was composed of a test on homophones and a test on compounds, while Zhang et al. (2021) adopted a morpheme segmentation and a morpheme discrimination task. In addition, Zhang et al. (2021) only include a narrow range of reading-related skills (morphological awareness, vocabulary, and lexical inference), which may not be able to unveil a full picture, as shown in this study, of the hierarchal relationships among varying language and cognitive skills in reading comprehension.

In addition to morphological knowledge, our findings showed that inference making and monitoring skills mediated the relationship between syntactic knowledge and L2 Chinese reading comprehension. Chinese differs from alphabetic languages in several ways in terms of the syntactic features such as the absence of an inflectional system, more flexible word order, and more extensive use of connectives (Li and Thompson, 1981). The mediating role of higher-order cognitive skills may be explained by the possibility that L2 Chinese readers need to consume more cognitive resources during inference making and monitoring to comprehend Chinese sentences. Hung’s (2021) recent study also found the intertwined relationship between syntactic skills and cognitive skills and found an indirect effect of executive function (as measured by working memory tasks and inhibition tasks) on Chinese Grade 2 and 3 students’ reading comprehension through syntactic awareness (as measured by a word order correction task). It should be noticed that executive function covered some aspects of working memory and monitoring. In Hung’s study, indirect effects of executive function on reading through inference-making was not significant, refuting her original hypothesis that executive function can support inference making to achieve passage-level comprehension. However, in our model, working memory, inference making, and monitoring were measured independently and entered the model as three variables. We found that higher-order cognitive skills (i.e., inference making and monitoring) completely mediated the effect of the basic cognitive skill (i.e., working memory) on reading comprehension. Syntactic skill made no direct contribution to reading comprehension, but it made indirect contributions through both inference making and monitoring, which is in line with Zhao et al.’s (2022) findings from L1 Chinese readers. By adding more micro-level componential skills into a more holistic model of reading comprehension, we extended Hung’s findings and showed a clear hierarchical relationship between higher-order cognitive skills and the basic cognitive skill as well as the hierarchical relationship between higher-order cognitive skills and foundational language skills in reading comprehension.

Regarding inference making and monitoring, we found that monitoring and inference making made direct and moderate contributions to L2 Chinese reading comprehension, supporting the theory that developing a text representation with coherence requires evaluation and integration of initial propositions (Perfetti et al., 2005). We extend previous findings to a different population with L2 Chinese readers, demonstrating that higher-order cognitive skills are essential for both L2 Chinese readers, L1 Chinese readers (Zhao et al., 2022), and L1 English readers (Cain et al., 2004).



6. Limitation and future research

This study is limited in the following aspects. First, we did not include other factors that have been proven to be crucial to reading comprehension such as phonological awareness (Veenendaal et al., 2016; Lin and Zhang, 2021) and reading strategies (Yapp et al., 2021). Future research can explore more factors to establish a more comprehensive model of L2 Chinese reading. Second, the participants in this study have heterogeneous language backgrounds. Although their mother tongues belong to the broad alphabetic language family, the heterogeneity of their first language has not been controlled in the current study. First language may exert great influence on reading comprehension. For example, coherence relations have different forms across languages and first language may entail misuse of cohesive devices in another language (Wetzel et al., 2022). Future studies can take language background as a key variable in developing a more refined model of Chinese reading.



7. Conclusion

Reading is a complex process involving complex interactions between linguistic and cognitive skills. The results of this study showed that cognitive skills and foundational language skills can influence Chinese reading through direct and indirect pathways. In addition, there is a clear hierarchical relationship between the contributions of cognitive skills and linguistic skills. Higher-order cognitive skills completely mediated the contributions of foundational language skills and the basic cognitive skill. Also, a systematic understanding of reading comprehension needs to consider both general language-related issues and special features of a specific language. Chinese morphosyllabic orthography is different from many alphabetic languages and entails a large body of homophones. This uniqueness makes morphological awareness exceptionally important in Chinese reading comprehension. Future studies can further explore the role of other components of the linguistic-cognitive skills such as the central executive and the phonological loop of working memory in Chinese reading comprehension.
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Introduction: A hallmark of the human language faculty is processing complex hierarchical syntactic structures across languages. However, for Mandarin Chinese, a language typically dependent on semantic combinations and free of morphosyntactic information, the relationship between syntactic and semantic processing during Chinese complex sentence reading is unclear. From the neuropsychological perspective of bilingual studies, whether second language (L2) learners can develop a consistent pattern of target language (i.e., L2) comprehension regarding the interplay of syntactic and semantic processing, especially when their first language (L1) and L2 are typologically distinct, remains to be determined. In this study, Chinese complex sentences with center-embedded relative clauses were generated. By utilizing the high-time-resolution technique of event-related potentials (ERPs), this study aimed to investigate the processing relationships between syntactic and semantic information during Chinese complex sentence reading in both Chinese L1 speakers and highly proficient L2 learners from South Korea.

Methods: Normal, semantically violated (SEM), and double-violated (containing both semantic and syntactic violations, SEM + SYN) conditions were set with regard to the nonadjacent dependencies of the Chinese complex sentence, and participants were required to judge whether the sentences they read were acceptable.

Results: The ERP results showed that sentences with “SEM + SYN” did not elicit early left anterior negativity (ELAN), a component assumed to signal initial syntactic processing, but evoked larger components in the N400 and P600 windows than those of the “SEM” condition, thus exhibiting a biphasic waveform pattern consistent for both groups and in line with previous studies using simpler Chinese syntactic structures. The only difference between the L1 and L2 groups was that L2 learners presented later latencies of the corresponding ERP components.

Discussion: Taken together, these results do not support the temporal and functional priorities of syntactic processing as identified in morphologically rich languages (e.g., German) and converge on the notion that even for Chinese complex sentence reading, syntactic and semantic processing are highly interactive. This is consistent across L1 speakers and high-proficiency L2 learners with typologically different language backgrounds.

KEYWORDS
 Chinese complex sentence, syntactic information, semantic information, ELAN, block effect, ERP


1. Introduction

The relationship between syntactic and semantic information during language comprehension has received considerable attention in psycholinguistic academia in recent decades. Whether and to what extent such a relationship is modulated by factors such as language typological differences and language proficiency are not well understood and await specification. Specifically, two research gaps were indentified in the development of research questions of the current study: (1) The relationship between syntactic and semantic processing during Chinese complex sentence reading is unclear; (2) Whether second language (L2) learners can develop a consistent pattern of the target language (i.e., L2) comprehension regarding the interplay of syntactic and semantic processing remains to be determined. Therefore, in Introduction, after setting the general background of the ERP (event-related potential) studies in morphologically rich languages and in Mandarin Chinese (1.1 and 1.2), we highlighted the importance of using complex sentences as experimental materials (1.3), which was then followed by the introduction of L2 settings (1.4). At last, we introduced the development of experimental design (esp., the double-violation paradigm) (1.5), and specified the research aims and expectations of the present study (1.6).


1.1. A syntax-first model in morphologically rich languages

A prominent cognitive model of auditory language comprehension (Friederici, 2002, 2011, 2017) holds that syntactic information precedes and then interacts with semantics, and this early syntactic information mainly deals with syntactic categories of words. In particular, word category information has been recognized as the foundation of syntactic structure building (Lenneberg, 1967; Chomsky, 1995; Hornstein and Nunes, 2008; Hornstein, 2009; Hornstein and Pietroski, 2009; Adger, 2013; Miyagawa et al., 2013; Epstein et al., 2014; Hoshi, 2018, 2019), inspiring a series of studies on syntactic processing that adopt various word category information (Bemis and Pylkkänen, 2011; Miyagawa et al., 2013; Fujita, 2014; Goucha and Friederici, 2015; Friederici, 2017; Goucha et al., 2017; Zaccarella et al., 2017; Chen et al., 2019). Using the event-related potentials (ERPs) technique of high temporal resolution, previous studies have investigated the interplay between syntactic category and semantic information processing in morphologically rich languages (especially German). The evidence converged to demonstrate a priority of syntactic processing over semantic processing, supporting a “syntax-first model.” For instance, in the double-violation/combined violation paradigm (e.g., Hahne and Jescheniak, 2001; Hahne and Friederici, 2002) during German sentence comprehension, the simultaneous violation of syntactic and semantic information elicited pronounced early left anterior negativity (ELAN) in the time window of 120–200 ms (see Neville et al., 1991, Friederici et al., 1993 for more information on ELAN; see Friederici and Weissenborn, 2007 for a systematic review), a negative component assumed to signal initial syntactic processing, while N400 was absent, a classic negative component reflecting semantic violations in the time window of 300–500 ms (see Kutas and Hillyard, 1980, 1983, and Friederici et al., 1993 for more information on N400; see Kutas and Federmeier, 2011 for an overview). ELAN could therefore index a temporal priority of syntactic category processing. The absence of N400 suggested an inhibition on the following semantic processing from the failure of syntactic encoding, which was defined as a “block effect” (Yu and Zhang, 2008). Experiments on French (Isel et al., 2007), English (Yamada and Neville, 2007), and Dutch (Hagoort et al., 2003) reported similar electrophysiological patterns regarding the time course of syntactic processing in sentence comprehension. At a two-word-phrase level, syntactic violation in German could elicit an ELAN-like early syntactic negativity (Maran et al., 2022). Therefore, syntactic processing in such languages was primarily evidenced to be both temporally and functionally prior to semantic processing. Nevertheless, emerging evidence from Indo-European languages began to conflict with the syntax-first account. For example, in a recent ERP study of French sentence reading where uninflected nouns and verbs were swapped (Fromont et al., 2020), ELAN did not appear in syntactic category violations. These findings suggested that inflectional cues might trigger and thus speed up syntactic processes (see also Dikker et al., 2009).



1.2. The interplay of syntactic and semantic processing in Mandarin Chinese

Syntactic category information is primarily marked by morphological inflections in these morphologically rich languages. For instance, “gegessen” (eaten) is the past participle of “essen” (eat) in the German material “Das Brot wurde gegessen” (The bread was eaten) in Hahne and Friederici’s study (2002). These morphological cues might facilitate access to word category information and lead to syntactic priority (Friederici, 2017). However, there is no such inflection in morpho-syllabic languages such as Mandarin Chinese (hereafter, Chinese) (DeFrancis, 1989; Shen, 2016; Gao et al., 2022), where word order and functional words constitute the principle grammatical operations (Zhu, 1982). Existing studies have therefore examined whether the syntax-first model fits Chinese processing as well by using various syntactic structures. Ye et al. (2006) first approached this issue in the Chinese BA (“把”)1 structure (i.e., subject + BA + object + VP). Their results revealed that double-violations elicited ELAN and a continuous negative wave in the time window of 250–400 ms. This pattern was similar to the findings of morphologically rich languages. However, this study could not rule out the possibility that N400 was included in the continuous negative component due to the existence of numerous homonyms in the Chinese lexicon (Zhang et al., 2010). Yu and Zhang (2008) also examined this issue in the Chinese BA structure with more careful control and included semantic violations and double violations. The reason for not including syntactic violations was twofold. First, Chinese word category violations are always accompanied by semantic violations such that there should be no pure syntactic violations in Chinese. Second, to examine whether syntactic processing would manifiest a temporal and functional priority in sentence comprehension, the presence of ELAN and “block effect” in the double-violation condition is sufficient to draw a conclusion. Interestingly, their results demonstrated a biphasic N400-P600 pattern, where double violations were associated with significantly greater N400 and P600 compared to semantic violations. In light of the null results that both ELAN and the block effect did not appear, the authors concluded that Chinese syntactic processing might not exhibit a priority over semantic operations during sentence comprehension, and the two types of processing should be highly interactive. These results were replicated in a study focusing on BA construction and subject-verb-object (SVO) structures by Zhang et al. (2010). In addition, Wang S. et al. (2013) and Wang et al. (2015) manipulated the transitivity of verbs in Chinese BA/BEI (“被”)2 and NP1 + VP + NP2 structures in light of a double-violation paradigm. Their results revealed that double violations and pure semantic violation elicited comparable N400 and late positivities, again not supporting the application of the syntax-first model to Chinese sentence comprehension. Two additional studies re-examined this issue in Chinese passive BEI (Zeng et al., 2020) and Qing (“请”)3 structures (Yang et al., 2021). Zeng et al. (2020) obtained similar results as Zhang et al. (2010), Wang S. et al. (2013), and Wang et al. (2015), while Yang et al. (2021) also observed an interaction between syntactic category and semantic processing in an early time window of 100–300 ms. A very recent study using intracranial high-density electrocorticography found that syntactic and semantic processing in Chinese showed spatial–temporal separations (Zhu et al., 2022). Only the local syntactic violation, not the syntactic category violation, elicited an ELAN-like component in the early time window. However, it is not clear whether this inconsistent pattern resulted from the different types of syntactic violations or from the differences in local preferences (see below).



1.3. Local versus long-distance dependencies: Limitations on syntactically simple sentences

Although the aforementioned studies were in favor of the null primacy of syntactic information of distinguishing structures in Chinese simple sentences, it remains unclear how syntactic and semantic processing interact with each other when reading relatively complex sentences. One significant feature of the human language faculty is that language parsers can comprehend complex hierarchical sentences containing center-embedded relative clauses (Makuuchi et al., 2009, 2013; Friederici, 2017). For example, in the complex sentence “The dog the cat chased barked,” the relative clause “the cat chased” is embedded between the subject “the dog” and the verb “barked,” which requires processing on the long-distance/nonadjacent dependency. This hierarchical syntactic structure reflects the complexity of human capacities of sequence processing (Petkov and ten Cate, 2020; Wilson et al., 2020). In contrast, simple sentence processing implicates mental operations on local dependency. For example, in the double-violation condition “警察交战骗局…” (“police fought the fraud”) (Wang et al., 2015), the verb “交战” (fight) and the object “骗局” (fraud) are locally adjacent. Such local dependencies depict the adjacent collocation between word categories, which could be confounded with the more cognitive-general effect of “local preference” in syntactic processing. Specifically, local preference originates from the limitation of human cognitive resources, such that language users tend to integrate syntactically local or adjacent information as early as possible (Gibson, 1998). As such, the ERP components associated with local syntactic violations (e.g., ELAN) could indicate both word category violations and local preference violations. Moreover, a local syntactic violation may also be mixed with a violation of template matching, resulting in an unclear detection of the violation via the failure to build up a grammatical phrase (e.g., “the in,” a determiner cannot be combined with a preposition to form a determiner phrase) or a mismatch with an a priori template (e.g., “the in” does not match the “determiner noun” template) (Friederici, 2017; Goucha et al., 2017). Therefore, the existence of local syntactic relations in simple sentences fails to provide optimal material for examining the interplay between syntactic and semantic processing. Examining this issue in complex sentences might overcome these limits and substantially advance our understanding of the interaction between these types of information as well as the human language faculty (Hauser et al., 2002).

In particular, syntactic complexity could be measured by integration and storage costs, instead of the mere sentence length (Gibson, 1998; Chesi and Moro, 2015). In specific, integration cost is concerned with the process of integrating syntactic categories, while storage cost is qualified by the number of the involved categories. Both integration and storage cost are impacted by locality. As such, sentences containing center-embedded subject relative clauses manifest great complexity and processing difficulties in light of their integration and storage cost, which also highlights the crucial role of word category information. Chinese complex sentences containing center-embedded subject relative clauses, such as “警察抓了偷电脑的小偷” (“Police caught the thief who stole a computer”), in which “小偷” is non-adjacently dependent with the main verb “抓” as its object and with the verb “偷” in the relative clause as the subject, implicate even higher complexities and more processing difficulties (Hsiao and Gibson, 2003; Chen et al., 2008; Chen and Ning, 2008; Zhang and Yang, 2010; Zhou et al., 2010; Liu, 2011; Liu et al., 2011; Wang, 2011; He et al., 2012; Feng and Wang, 2013; Wang and Bing, 2013; Yan, 2018; Xu et al., 2019; Zhou et al., 2020). The current study therefore adopted these complex sentences with subject relative clauses center-embedded as experimental materials to highlight the interactive relationships between syntactic category information and semantics in Chinese sentence reading.



1.4. The interplay of syntactic and semantic processing in L2 learners

In addition to the language typological distinctions in the interplay between syntactic and semantic information, as manifested by the distinct patterns between morphologically rich Indo-European languages and morpho-syllabic languages, language proficiency might be another critical factor that affects the relationships between syntactic and semantic processes during language comprehension (Kotz, 2009). Zhang et al. (2010) concluded that language experience might affect the interplay between syntactic and semantic processes. A recent review (Niharika and Prema Rao, 2020) also proposed that language typological differences are closely associated with the language-specific brain correlates underlying syntactic processing. However, it is largely unknown to what extent language experience or background modulates this pattern in second language (L2) settings. For example, given adequate language exposure, do L2 learners employ the processing strategies from their first language (L1) or, alternatively, do they resemble native speakers of the target language? This issue would be more intriguing if learners’ L1 and L2 manifested marked differences regarding linguistic typology.

More importantly, since the ability to encode syntactic information during complex sentence comprehension constitutes a crucial part of the human language capacity, it is critical to know whether and how L2 learners can acquire the native-like strategies of discerning syntactic and semantic information at the neuroscientific level. Specifically, the unified competition model (MacWhinney, 1997, 2005) proposes that L2 learners employ the cognitive resources and processing strategies from their L1 to deal with L1-L2 shared structures. In addition, given presumably adequate L2 proficiency, learners could develop native-like sensitivity to syntactic information and eventually achieve native-like attainment (following the convergence hypothesis, e.g., Steinhauer et al., 2009). Fromont et al. (2020) compared the ERP responses to L2 French sentences containing syntactic-category violations of native English speakers (with an intermediate level in L2 French) with those of native French speakers. Interestingly, L1 speakers and L2 learners showed differing electrophysiological patterns such that the L2 group only manifested an N400 effect in syntactic violations, while the L1 group displayed a biphasic N400-P600 effect.

However, few studies have examined whether L2 learners could develop the processing patterns of the target language regarding the interplay of syntactic and semantic information across typologically distinct languages. Moreover, there have been few investigations into the interplay between syntactic and semantic information among highly proficient L2 learners. By using comparatively simple structures (i.e., BEI structure), Yang (2012) found results supportive of an interactive model over a syntax-first model in Chinese comprehension for both Chinese L1 speakers and Chinese L2 learners (German L1 speakers). However, this study failed to make a direct comparison between the two groups. Additionally, it remains unclear whether this pattern extends to complex hierarchical sentences. Going beyond this, our study aimed to include high-proficiency Chinese L2 learners whose native language was Korean to compare their neurocognitive patterns with those of Chinese native speakers during complex sentence reading. As an agglutinative language, Korean morphology includes abundant word form changes to mark syntactic features whose diversity lies between German and Chinese (Zhang et al., 2011). For instance, Korean relative clauses are usually led by verb form changes, while Chinese relies on the functional word “的” (de, meaning: of) (Zhao, 2011). Specifically, employing Chinese L2 learners whose native languages are morphologically rich could effectively eliminate interference from their L1 processing strategies (e.g., semantic analysis preference). Furthermore, the inclusion of L2 learners of high proficiency could rule out the confounding effect of language incompetence. Through these manipulations, we aimed to provide critical insights into the interplay between syntactic and semantic information during Chinese complex sentence comprehension, thus drawing on a comparison of L1 versus L2.



1.5. Development of the experimental design

With regard to the experimental design, double-violation can be realized by altering either the sentential context (e.g., Hahne and Friederici, 2002; Frisch et al., 2004; Ye et al., 2006; Zhang et al., 2010; Wang X. et al., 2013) or the critical word (Yu and Zhang, 2008; Zhang et al., 2010, 2013; Wang S. et al., 2013; Lu, 2015; Wang et al., 2015; Yang et al., 2015; Li, 2016; Fromont et al., 2020). Sentential context alternation might elicit imbalanced ERP effects on the same critical word. For instance, Hahne and Friederici (2002) kept the critical word (e.g., gegessen, “eaten”) unchanged across three violation conditions (i.e., double violations, semantic violation, and syntactic violation). The critical word was embedded in a “Verb + Preposition + Noun” structure in the double-violation condition but in a “Verb + Noun” structure in the other two conditions. Ye et al. (2006) placed the semantic violation after the “BA + Noun” construction, while syntactic violation and double violations appeared immediately after the preposition “BA.” These contextual asymmetries might result in the so-called “spillover effect” on ERP signals, which would contaminate the ERP data locked to the critical words (Steinhauer and Drury, 2012; Zhang et al., 2013; Fromont et al., 2020). As the current study focused on the complex structure of Chinese sentences, we needed to keep the sentential contexts unchanged across conditions. To better evaluate the ERPs on critical words and avoid the spillover effect, this study manipulated violations by altering critical words.

The critical word alteration should take the processing differences of different word categories (e.g., Ns and Vs) into account. In particular, related Chinese studies have attempted to change the critical words from verbs to nouns in double violations (e.g., Yu and Zhang, 2008; Zhang et al., 2010, 2013; Lu, 2015; Yang et al., 2015; Li, 2016), which might involve the confounding effect of word category processing. For example, Ma et al. (2007) reported that Chinese nouns could elicit greater N400 amplitudes than Chinese verbs. In that case, we could not rule out the possibility that the greater negativities observed in these studies could stem from word category processing per se rather than semantic and syntactic violations. To resolve this confounder, Yu and Zhang (2008) performed a post hoc analysis comparing the negativity distribution of double violations on the scalp with that of word category processing, which revealed that ERP results were not contaminated by the word category processing difference. However, the scalp distributions of word category processing were retrieved from previous studies, which might not match the case of their critical words. Alternatively, some studies have included control sentences containing the critical words (Steinhauer and Drury, 2012; Fromont et al., 2020) as a reference to better evaluate the effects of syntactic and semantic violations. For example, Fromont et al. (2020) manipulated the prior context of the critical words while altering the critical words during French sentence comprehension. Unfortunately, this manipulation does not fit Chinese complex sentences, in which it is difficult to ensure that the experimental and control sentences are comparable. It is even more difficult to change the prior context of the critical words while keeping the structure unchanged in Chinese given the language typological difference between French and Chinese.

To resolve these limitations, the current study tried to eliminate the word category difference by two approaches. First, we altered the critical nouns in double violations into verbs instead of the other way around. In this case, the observed greater negativities elicited by double violations during the time-window of N400 than the other conditions (if any) would be more convincing for the existence of semantic processing. Additionally, we included a single-word reading session in which participants read identical critical words as the sentence comprehension session. By subtracting the ERP signals locked to the single words from those locked to the critical words in the experimental sentences, we hoped to better eliminate the confounding effects of word category processing differences and other physical properties of no interest.



1.6. Research aims and expectations

By tentatively developing the critical word alternation design by subtracting the ERP signals of processing single words per se from those of the same critical words, the current study aimed to examine the interplay between syntactic and semantic processing among Chinese native speakers and highly proficient L2 learners from a distant linguistic background when reading Chinese complex sentences containing center-embedded relative clauses, which should be highly dependent on word-category-based syntactic processes in linguistic theories. In particular, we are interested in whether Chinese complex sentences manifest a syntax-first pattern, which would be shown by the ELAN and the block effect. Crucially, we wanted to investigate whether Chinese L2 learners would acquire syntactic and semantic processing strategies at a relatively higher proficiency with regard to the interplay of syntactic and semantic processing during the ELAN, N400, and P600 time windows. If highly proficient Chinese L2 learners could exhibit a similar ERP pattern to that of L1 speakers, we could suggest that L2 proficiency might fill the gap in language typological differences to tune L2 reading performance.




2. Methods


2.1. Participants

A total of 42 adults were recruited, including 21 Mandarin-Chinese native speakers (6 males, 23.48 ± 2.91 years) and 21 highly proficient Chinese L2 learners whose native language was Korean (7 males, 23.29 ± 3.51 years). The sample size was consistent with existing related ERP studies (e.g., Yang, 2012; Wang S. et al., 2013; Wang et al., 2015). Specifically, the Chinese L2 learners from South Korea were year-four college students or postgraduates majoring in Chinese, all of whom passed the HSK (i.e., Hanyu Shuiping Kaoshi, a standardized Chinese proficiency test, ranging from bands 1 to 6) with band 5 or above and were verified as highly proficient learners by their instructors. All participants were right-handed with normal or corrected-to-normal vision and reported no reading difficulty. They all signed the consent form prior to the experiment and received a monetary reward afterward. This study was approved by the Ethics Committee of Beijing Normal University. Data from one L1 speaker and one L2 learner were excluded from the analyses due to excessive ERP artifacts, such as blinks.

Given the long-distance dependency between critical words and other related words in the experimental materials and the word-by-word presentation format in the current study, we needed to exclude the confounding effect from working memory capacity differences between the two groups. The working memory capacity measure was adapted from the automated operation span task by Unsworth et al. (2005). In this task, participants were asked to first judge the correctness of a hybrid math operation [(e.g., 8–2) × 3 = 18?] and then to memorize a random English letter following this operation. As the number of operations increased, the participants needed to remember more letters. At the end of each trial, they were required to recall all the letters in each trial in the order of their appearance. An independent-sample t test showed that L1 speakers [N = 20, ACC (accuracy) = 64.15% ± 6.78%] and L2 learners (N = 20, ACC = 61.55% ± 7.14%) yielded no significant group difference in working memory capacity, t(38) = −1.18, p = 0.245.



2.2. Materials

There were 120 experimental sentences in total, with 40 in each condition (NORM: semantically and syntactically normal sentences, SEM: sentence with semantic violation, and SEM + SYN: sentence with double syntactic-semantic violations; see Table 1 for examples). In addition, to counterbalance the number of correct and violated sentences, 40 filler sentences were included (see also Wang et al., 2015). Each experimental sentence contained a center-embedded relative clause, such as “小张拿着切水果的小刀过来了。.” In the SEM condition “小张拿着切水果的钢琴过来了。,” even though “钢琴” (piano) is a noun without syntactic violation, the sentence is semantically violated because “piano” could never be used to “cut the fruit.” In addition, in the SEM + SYN condition, “举办” (hold) is a verb resulting in both syntactic and semantic violations because “hold” could neither “cut the fruit” nor “be taken.” The filler sentences were similar to the experimental sentences in length but did not contain complex relative clauses, such as “小张拿走了孩子的玩具很高兴.” The rationale of designing such filler sentences is as following. In light of existing studies (e.g., Wang S. et al., 2013; Wang et al., 2015), the fillers should meet the following criteria. First, the purpose of filler was to balance the correct and incorrect sentences. Second, to avoid the participants’ strategic responses, the fillers should be comparable with the experimental sentences regarding the superficial linguistic features (e.g., the number of nouns/verbs, sentence length). Thus, the filler sentence structure and the complex sentence structure in the present study share a similar syntactic frame: “N + V + V + N + de + N…” The correspondence of the overall structure between fillers and experimental sentences was not obligatory.



TABLE 1 Examples of experimental conditions and fillers.
[image: Table1]

As the SEM and SEM + SYN conditions are primarily concerned with linguistic manipulations, three experts of Chinese linguistics verified the semantic and syntactic constraints of these sentences with perfect consistency, that is, all of them agreed that all the SEM sentences contained semantic violations, all the SEM + SYN sentences contained both syntactic and semantic violations, and that all the Norm and filler sentences were both semantically and syntactically acceptable. In addition, the NORM sentences as well as the filler sentences were randomly mixed with the SEM and the SEM + SYN sentences, and a group of Chinese native speakers (N = 10) who did not participate in the formal experiment were asked to determine whether these sentences were natural and thus acceptable to them or not by Yes/No responses through a questionnaire (without time limits). All NORM and filler sentences (100% correctly responded as “Yes”) could be well distinguished from the SEM and the SEM + SYN sentences (100% correctly responded as “No”) for each participant. Therefore, the results showed robust consistency across the participants and explanatory power regarding the validity of the materials.

The critical words in the experimental sentences were primarily selected from the glossary of HSK level-5 or below, with which L2 learners were asked to familiarize themselves before the experiment. The frequency and the number of strokes of the critical words were matched across three conditions (frequency information retrieved from Cai and Brysbaert, 2010; see Table 2). One-way ANOVA showed that there were no significant differences regarding the number of strokes and word frequency of the critical words among different conditions, Fs(2, 117) < 2.18, ps > 0.05. In particular, the critical words did not appear at the end of the sentences to avoid ERP contamination from the “wrap-up effect” at sentence-final positions (Hagoort, 2003). Except for the critical words, the sentential contexts were identical across conditions. Specifically, all experimental sentences used “小张” (Zhang) as the subject to avoid possible expectations caused by the sentence subject. Additionally, the frequency of the nouns following the functional word “的” (de) in the NORM condition was balanced in terms of the argument roles as “tool” (e.g., “knife”) or “agent” (e.g., “child”). An additional single word reading task was conducted to provide a baseline for the ERP correlates underlying the critical words. These materials contained only nouns and verbs (45 words for each category), which were identical to the critical words adopted in the experimental sentences.



TABLE 2 The number of strokes and word frequency of critical words in different conditions.
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2.3. Procedure

Word reading and sentence comprehension tasks were conducted for both groups, while behavioral performance and EEG signals were recorded simultaneously. L2 speakers received the list of critical words 2 days before the experiments and were asked to consolidate the memory of these words. In addition, they were required to review these words again prior to the formal experiment until they reported total familiarity with the meaning and usage of the words.

In the formal experiment, participants were seated approximately 60–70 cm from the computer monitor in a fully shielded laboratory. Participants performed the word reading task before the sentence comprehension session. In the word reading task, each trial began with the presentation of a red fixation at the center of the screen for approximately 300 ms, followed by a blank screen for 200 ms, the critical word for 500 ms, and then a 1,000 ms blank screen. The participants were asked to familiarize themselves with the words again in this session. To ensure the participants’ engagement, they were informed that their real-time mental activities would be monitored by the device. To note, first, the objective of asking participants (especially for the L2 learners) to familiarize themselves with the critical words before the formal test was to ensure that the processing differences of the critical words between the conditions during sentence reading could not be ascribed to the mere familiarity effects. Second, more critically, for each condition, a critical word could appear in all the tasks of word familiarization, word reading, and of sentence comprehension (see below). Therefore, the potential preview effect (i.e., effect of seeing the “critical words” multiple times before the formal study including both single-word reading and sentence comprehension tasks) could be canceled out in the comparison between different conditions if there were any for each stage.

The sentence comprehension task consisted of three blocks with 54, 54, and 52 sentences in each block. The order of the three blocks was randomized and there was a two-minute interval between every two consecutive blocks. In each block, three conditions of experimental sentences and filler sentences were presented in a pseudorandom order, such that the sentences of the same condition would not appear in more than three times consecutively. Each trial began with a red fixation cross at the center of the screen for approximately 300 ms, followed by sentences presented word by word, e.g., “小张 | 拿着 | 切 | 水果 | 的 | 小刀 | 过来了。” [Zhang | was taking | cut | fruit | de (functional word) | knife | came over.]. In particular, double-character words were presented for 500 ms, while single-character words lasted for 400 ms. Each word was followed by a 300 ms blank screen, while a Chinese period (“。”) indicated the end of the sentence. After the sentence disappeared, the participants were required to judge whether the sentence was acceptable within 3,000 ms, which was followed by a blank screen lasting for 1,000 ms. The whole experiment took approximately 1.5 h for each participant.



2.4. Data recordings and analyses

Electroencephalogram (EEG) was recorded using a 32-channel (Ag-AgCl) NeuroScan system (NeuroScan Inc.) following the 10–20 system convention. For online recordings, the reference electrode was placed at the right mastoid (M2). Vertical electrooculogram (VEOG) was recorded from electrodes placed above and below the left eye, while horizontal EOG (HEOG) was recorded from electrodes at the outer cantus of each eye. The data were digitized at 1 kHz and amplified with a bandpass filter of 0.05–100 Hz. The impedance of each channel was maintained below 5 kΩ.

Off-line signal processing was carried out using Scan software (NeuroScan Inc.). The reference was converted to the averaged voltages of the bilateral mastoids (M1 and M2). EEG data were first adjusted by eliminating artifacts using the DC method and regression analysis and then segmented into 1,000 ms epochs, including a 200-ms prestimulus baseline and an 800-ms poststimulus. Eye blinks and other artifacts exceeding ±100 μV were rejected. ERPs were averaged across conditions for both word reading and sentence comprehension tasks and then filtered again with a low bandpass filter of 30 Hz (24 dB).

The ERP components induced by nouns and verbs in the word reading task (see Figure 1) were subtracted from the ERP components induced by the corresponding critical words in different types of experimental sentences (see Figure 2), so the word reading results were not included in the later statistical analyses (see Figure 1). As the L1 and L2 groups showed differing time windows of ERP components (i.e., N400 and P600) in the sentence comprehension task (see Figure 3), we first conducted statistical analysis within each group and then compared the components of interest between groups. For the within-group analyses, based on the visual inspection of brain topographies (see Figure 3) and previous studies (e.g., Yu and Zhang, 2008; Zhang et al., 2010; Wang et al., 2015), we selected three time windows of 100–200 ms, 250–430 ms, and 430–600 ms for the Chinese L1 group and 100–200 ms, 300–500 ms and 600–750 ms for L2 learners. They were used to denote ELAN, N400 (or larger negativities), and P600 (or late positivities), respectively. In light of existing ERP studies, we defined 7 regions of interest (ROIs) for statistical analyses: midline (Fz, FCz, Cz, CPz, and Pz), left anterior (F3, FC3, F7, and FT7), left central (C3 and T7), left posterior (CP3, P3, TP7, and P7), right anterior (F4, FC4, F8, and FT8), right central (C4 and T8), and right posterior (CP4, P4, TP9, and P8). As such, we first conducted a 3-way ANOVA on ELAN data at the midline sites, on which the L1 and L2 groups shared the same time window, with the condition (NORM, SEM, and SYN + SEM), electrode (Fz, FCz, Cz, CPz, and Pz), and group (L1 and L2) as factors. For the lateral regions, a 3-way ANOVA was conducted with condition, ROIs (left anterior, left central, left posterior, right anterior, right central, and right posterior), and group as factors. Then, identical analyses were conducted on N400 and P600 data, except that the group factor was removed due to the differing time windows across the two groups. Furthermore, we took a narrow-window approach (e.g., Sanmiguel et al., 2013; Ghani et al., 2020) by selecting the data including 10 ms before and 10 ms after the N400/P600 peaks since the wider time window mentioned above might overwhelm the subtle differences across conditions (as shown in Figure 4). Furthermore, representative electrodes were also selected based on the topography (Figure 4) to conduct the independent-sample t test between the experimental condition (SEM + SYN - SEM) and “baseline (0).” Importantly, narrow-window analysis provided a viable tool for group comparisons regarding N400 and P600 effects. Furthermore, post hoc power analysis using G*power (Faul et al., 2007) was performed for main results so as to evaluate the overall statistic power of the present study.
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FIGURE 1
 The averaged waveforms elicited by nouns (N) and verbs (V) in the word reading task. The grey rectangle marked the greatest difference between the two categories.


[image: Figure 2]

FIGURE 2
 The original brain waveforms locked to the critical words embedded in the experimental sentences.
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FIGURE 3
 The grand-averaged difference waveforms and topographies. Light and dark gray rectangles marked the most obvious differences across conditions in the middle and late time-windows, respectively.
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FIGURE 4
 The grand-averaged difference waveforms and topographies of “SEM + SYN - SEM.” Light and dark gray rectangles marked the most obvious differences across conditions in the middle and late time-windows, respectively.





3. Results


3.1. Behavioral results

The accuracy rate (ACC)4 and reaction time (RT) data of L1 and L2 speakers across the three conditions are shown in Table 3 and Figure 5. ACC data showed a significant main effect of condition, F(2, 76) = 17.91, p < 0.0005, ηp2 = 0.320, power = 0.97. Pairwise comparisons with Bonferroni corrections revealed that the ACC of the SEM + SYN condition was significantly higher than that of the SEM and NORM conditions (ps < 0.005), while the ACC of the SEM condition was significantly higher than that of the NORM condition (p < 0.005). The main effect of group was significant, F(1, 38) = 26.77, p < 0.001, ηp2 = 0.413, power > 0.99, such that L1 speakers obtained significantly higher accuracy than L2 learners. The interaction between the two factors was not significant, F(2, 76) = 2.30, p = 0.132. In terms of RT data, the main effect of condition was significant [F(2, 76) = 58.50, p < 0.0005, ηp2 = 0.606, power > 0.99]. Pairwise comparison showed that the RT of SEM + SYN was significantly shorter than that of SEM and NORM (ps < 0.01), while the responses to SEM were significantly faster than those to NORM (p < 0.001). The main effect of group was significant [F(1, 38) = 8.59, p < 0.01, ηp2 = 0.184, power = 0.83]. The RT of L1 Chinese speakers was significantly shorter than that of L2 Chinese speakers. The interaction between the two factors above was not significant [F(2, 76) = 1.58, p = 0.212].
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FIGURE 5
 The ACCs and RTs of behavioral results (error bars indicate standard errors).




TABLE 3 Behavioral performance of the two groups.
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3.2. ERP results

As seen from the original waveforms of the three conditions across the two groups (Figure 2), the SEM + SYN condition elicited N400- and P600-like components, while ELAN was not detected at the frontal sites (F3 as the representative electrode) for both groups. In addition, single word reading results (Figure 1) showed that nouns induced more negative waves than verbs in the 300–500 ms time window for both groups. We then subtracted the waveforms of word categories from the original waveforms of the critical words embedded in sentential contexts (Figure 3) to better evaluate the ERP modulation of syntactic and semantic processing.


3.2.1 ELAN results

ELAN effects were examined at the frontal sites in the time window of 100–200 ms. At the midline sites, there was no significant effect for condition [F(2, 76) = 1.40, p = 0.253]. At the lateral sites, the main effect of condition was also not significant [F(2, 76) = 2.79, p = 0.081]. Thus, for both groups, the SEM + SYN condition did not induce an ELAN effect in the early time window.



3.2.2 N400 results

As shown in Figure 6, L1 data revealed a significant condition effect at both the midline and lateral sites [Fs(2, 38) > 11.90, ps <0.001, ηp2s > 0.385, power > 0.99] in the N400 time window (250–430 ms). Pairwise comparisons showed that SEM + SYN (midline: 0.407 ± 4.537 μV; lateral: 0.126 ± 2.406 μV) and SEM (midline: 1.049 ± 3.653 μV; lateral: 1.035 ± 2.140 μV) elicited more negative waves than NORM (midline: 2.953 ± 3.470 μV; lateral: 2.142 ± 2.101 μV) at both the midline and lateral sites (ps < 0.05), while no difference was detected between SEM + SYN and SEM. At the midline sites for L1 speakers, the main effect of electrode was also significant [F(4, 76) = 4.57, p < 0.05, ηp2 = 0.194, power > 0.99] such that FCz (1.402 ± 2.168 μV) yielded more negative waves than Fz (2.168 ± 4.054 μV; p < 0.05). In general, the negativities in this time window showed a central-posterior distribution in the midline region. The interaction between electrode and condition was not significant [F(8, 152) =0.73, p = 0.524]. For the lateral regions, the ROI effect of L1 speakers was not significant [F(5, 95) = 1.00, p = 0.379], while its interaction with condition was significant [F(10, 190) = 2.78, p < 0.05, ηp2 = 0.251, power > 0.99]. Simple effect analyses showed comparable ERP patterns across all lateral ROIs as midline sites [Fs(2, 38) ≥ 6.30, ps < 0.005].
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FIGURE 6
 Amplitudes at midline electrodes and lateral ROIs in the N400 time window (250–430 ms for L1 and 300–500 ms for L2). L. A.: left anterior; L. C.: left central; L. P.: left posterior; R. A.: right anterior; R. C.: right central; R. P.: right posterior.


In the time window of 300–500 ms, L2 data manifested similar patterns as L1 data. There was a significant condition effect for both midline [F(2, 38) = 6.36, p < 0.05, ηp2 = 0.251, power > 0.99; see Figure 6] and lateral sites [F(2, 38) = 7.34, p < 0.01, ηp2 = 0.279, power > 0.99] such that the difference between the SEM (midline: −0.737 ± 2.688 μV; lateral: −0.026 ± 1.987 μV) and SEM + SYN (midline: −1.624 ± 2.574 μV; lateral: −0.851 ± 1.854 μV) conditions was not significant, while the SEM and SEM + SYN conditions yielded more negative waves than the NORM condition (midline: 0.411 ± 3.129 μV; lateral: 0.961 ± 2.771 μV; ps < 0.05). The main effect of electrode was also significant at midline sites [F(4, 76) = 4.57, p < 0.05, ηp2 = 0.194, power > 0.99]. FCz (−0.720 ± 2.639 μV) yielded more negative waves than Fz (0.388 ± 2.764 μV; p < 0.05). In general, the negative waves in this time window showed a centro-posterior distribution in the midline region. The interaction between distribution and condition was not significant [F(8, 152) = 0.73, p = 0.524]. No other significant main effect or interation was detected at lateral ROIs.

To eliminate semantic contaminations from the double violations, we analyzed the difference wave between SEM + SYN and SEM in light of a narrower window of 20 ms (i.e., 10 ms prior to the peak and 10 ms after the peak, see Figure 4). For L1 speakers, there were wide negativities in the posterior sites in the time window of 360–380 ms. Repeated-measures ANOVA with the experimental condition (SEM + SYN - SEM vs. baseline “0”) and electrode (CPz, Pz, CP3, CP4, P3, P4) as factors revealed a significant effect of the experimental condition (SEM + SYN – SEM: −2.621 ± 3.760 μV), F(1, 19) = 9.72, p < 0.01, ηp2 = 0.338, power > 0.99, while no other significant main effect or interaction was detected [Fs(5, 95) ≤0.78, ps > 0.05]. Double violations elicited significantly greater negativities, which were widely distributed at bilateral centro-parietal regions. For L2 learners, SEM + SYN elicited more obvious negativities than SEM in 400–420 ms at centro-parietal sites (Figure 4). A similar repeated-measures ANOVA was conducted on representative sites (Cz, CPz, Pz, C3, C4, CP3, CP4, P3, P4). There was a significant effect of experimental condition [F(1, 19) = 19.62, p < 0.0005, ηp2 = 0.506, power > 0.99] such that SEM + SYN was associated with significantly greater N400 than SEM (SEM + SYN – SEM: M = −2.204 μV, SD = 2.937 μV). No other significant main effect or interaction was identified.

We further analyzed the group difference in N400 difference waves (SEM + SYN - SEM) by conducting a 3-way repeated-measures ANOVA with electrodes (CPz, Pz, CP3, CP4, P3, P4), time window (360–380 ms, 400–420 ms), and group (L1 vs. L2) as factors (Figure 7). Only a significant interaction between time window and group was detected, F(1, 38) = 11.78, p < 0.005, ηp2 = 0.237, power > 0.99, such that the N400 effect between two time windows was significant for both groups [Fs(1, 38) ≥ 4.40, ps <0.05]. In addition, N400 peak results averaged from the six centro-parietal sites (360–380 ms for L1 and 400–420 ms for L2) showed a significant group effect on peak latency [t(38) = −18.27, p < 0.0005; see Figure 8], while there was no significant effect on peak amplitudes across groups [t(38) = −0.39, p = 0.698; see Figure 8]. In particular, the latency of L1 speakers (372.592 ± 6.138 ms) was significantly earlier than that of L2 learners (408.975 ± 6.453 ms).
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FIGURE 7
 SEM + SYN – SEM amplitudes at selected electrodes for the chosen time window (360–380 and 400–420 ms for N400 narrow window analyses at Pz, P4, CP4, P3, CP3, and CPz; 500–520 and 670–690 ms for P600 narrow window analyses at Pz and CPz).
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FIGURE 8
 Mean amplitudes and latency averaged from selected electrodes for narrow-window analyses (360–380 ms for L1 and 400–420 ms for L2 in N400 time window; 500–520 ms for L1 and 670–690 ms for L2 in P600 time window).




3.2.3 P600 results

At midline sites, the 2-way ANOVA yielded a significant main condition effect [F(2, 38) = 18.05, p < 0.0005, ηp2 = 0.487, power > 0.99; see Figure 9]. The following comparisons showed that SEM + SYN (4.964 ± 4.462 μV) induced more positive waves than SEM (2.768 ± 4.200 μV), while SEM induced more positive waves than NORM (0.364 ± 3.067 μV; ps <0.05). The main effect of electrode was not significant [F(4, 76) = 1.98, p = 0.170]. The interaction between condition and electrode was significant [F(8, 152) = 11.18, p < 0.001, ηp2 = 0.371, power > 0.99]. Simple effect analyses showed that the condition effect was significant at all electrodes [Fs(2, 38) ≥ 3.72, ps <0.05]. At lateral ROIs, the main effect of condition was significant [F(2, 38) = 11.79, p <0.0005, ηp2 = 0.383, power > 0.99] such that SEM + SYN (3.787 ± 2.896 μV) and SEM (2.800 ± 2.856 μV) elicited more positive waves than NORM (1.046 ± 2.049 μV; ps < 0.01), while no difference between the two violation conditions was detected (p = 0.305). The main effect of ROI was not significant [F(5, 95) = 1.77, p = 0.191], but its interaction with condition was significant [F(10, 190) = 5.36, p <0.005, ηp2 = 0.220, power > 0.99]. In particular, the condition difference was significant at all ROIs [Fs(2, 38) ≥ 4.36, ps <0.05], except at the right anterior region [F(2, 38) = 1.36, p = 0.268].

[image: Figure 9]

FIGURE 9
 Amplitudes at midline electrodes and lateral ROIs in P600 time window (430–600 ms for L1 and 600–750 ms for L2). L. A.: left anterior; L. C.: left central; L. P.: left posterior; R. A.: right anterior; R. C.: right central; R. P.: right posterior.


As seen in Figure 9, the P600 results in the L2 group manifested a distinct pattern from L1 speakers. At midline sites, the main effects of condition [F(2, 38) = 1.55, p = 0.230] and electrode [F(4, 76) = 3.09, p = 0.077] were not significant, while the interaction between them was significant [F(8, 152) = 6.23, p < 0.005, ηp2 = 0.247, power > 0.99]. Simple effect analyses showed that condition effects were significant at Pz and CPz [Fs(2, 38) ≥ 4.175, ps < 0.05] such that SEM + SYN and SEM elicited more positive waves than NORM (ps > 0.05), while no difference between the two violation conditions was detected (p = 0.305). At lateral ROIs, neither a significant main effect nor a significant interaction was identified.

Narrow-window analysis results based on difference waves in the L1 group (500–520 ms) showed wide positivities in bilateral centro-parietal regions (Figure 4). Repeated-measures ANOVA with the experimental condition (SEM + SYN - SEM vs. baseline “0”) and electrode (CPz, Pz, CP3, CP4, P3, P4) as factors revealed a significant effect of the experimental condition, F(1, 19) = 17.45, p < 0.01, ηp2 = 0.479, power > 0.99, such that SEM + SYN elicited significantly greater P600 than SEM (SEM + SYN – SEM: 3.417 ± 3.674 μV). There was no other significant main effect or interaction. For L2 learners, identical analysis was performed on CPz and Pz in the time window of 670–690 ms. There was a significant main effect of experimental condition, F(1, 19) = 6.23, p < 0.05, ηp2 = 0.247, power > 0.99. SEM + SYN elicited greater P600 than SEM (SEM + SYN – SEM: M = 2.008 ± 3.597 μV). The main effect of electrode and the interaction were not significant, Fs(2, 38) < 0.22, ps > 0.05.

As shown in Figure 4, the L1 and L2 groups produced obvious positivities associated with SEM + SYN – SEM at the time windows of 500–520 ms and 670–690 ms, respectively. We therefore examined the group difference at representative sites CPz and Pz (Figure 7). Repeated-measures ANOVA revealed a significant interaction only between time window and group [F(1, 38) = 22.164, p < 0.0005, ηp2 = 0.368, power > 0.99]. Specifically, the group effect was significant only in the time window of 500–520 ms, F(1, 38) = 12.45, p < 0.001, while the time-window effect was significant for both groups, Fs(1, 38) ≥ 4.66, ps < 0.05. Averaged results on P600 peaks across two representative sites showed comparable peak values for the two groups [t(38) = 1.23, p = 0.228], while the L1 group (517.425 ± 7.281 ms) showed significantly shorter peak latency than the L2 group (679.125 ± 7.527 ms), t(38) = −69.06, p < 0.0005 (Figure 8).

In addition, to examine the lateralization of ERP components, we subsequently averaged the lateral electrodes on left (F3, FC3, F7, FT7, C3, T7, CP3, P3, TP7, and P7) and right (F4, FC4, F8, FT8, C4, T8, CP4, P4, TP9, and P8) hemisphere and conducted a 2-way ANOVA on N400 and P600 data for L1 and L2 groups respectively, with condition (NORM, SEM, and SEM + SYN) and hemisphere (left and right) as factors. The results were shown in Supplementary material.





4. Discussion

Drawing on behavioral and ERP techniques, the current study investigated the relationship between syntactic and semantic processing when reading Chinese complex sentences with relative clauses center-embedded among L1 speakers and highly proficient L2 learners whose native language was Korean. Our findings showed that L1 speakers and L2 learners manifested a consistent behavioral and electrophysiological pattern of highly interactive syntactic and semantic processing during Chinese complex sentence reading.

The behavioral performance showed that SEM + SYN yielded higher ACC than SEM and NORM, while NORM was associated with the lowest accuracy. Likewise, SEM + SYN showed the fastest reactions, followed by SYN and NORM. Importantly, the behavioral patterns of the L1 and L2 groups were generally consistent. In particular, SEM + SYN involved both syntactic and semantic violations, which made error detection easier and faster than typical sentences. Although SEM involved semantic violations, its syntactic information remained correct, which led to relatively better recognition performance than double violations. In contrast, L1 and L2 speakers needed to make use of all the information available until all contents of the sentence were integrated when reading the semantically and syntactically normal sentences, which resulted in the longest reaction time and the lowest accuracy.

Furthermore, the ERP results provided more nuanced insights into the interaction between syntactic and semantic information in L1 and L2 Chinese complex sentence reading. The first important ERP finding from the current study was that L1 and L2 Chinese complex sentences with center-embedded relative clauses did not elicit the ELAN effect in the frontal sites from the double violations, while ELAN is an index of initial syntactic processing. This finding was consistent with the ERP patterns obtained from the double violations in simpler Chinese syntactic structures including BA, BEI, and SVO constructions (Yu and Zhang, 2008; Zhang et al., 2010; Wang S. et al., 2013; Wang et al., 2015; Zeng et al., 2020), where ELAN was also not identified. Those evidence could collectively suggest that syntactic processing is not the prerequisite for semantic processing in Chinese sentence comprehension regardless of structural complexities. In particular, ELAN has been recognized as an important index of temporal priority for syntactic processing and automaticity for local structure building (Friederici et al., 1993; Hahne and Friederici, 2002; Hagoort and Indefrey, 2014). However, ELAN is susceptible to various experimental manipulations. Steinhauer and Drury (2012) concluded that ELAN might be associated with a higher distribution probability of some stimuli (e.g., affix), the asymmetry of the precritical-word context with unchanged critical words, the “spillover effect,” and the “offset effect.” For instance, Fromont et al. (2016) created the French word category violation within a constant sentential context by using the homophone of definite articles “le/la/les” (equivalent to “the” in English) and accusative attachments “le/la/les” (equivalent to “him or her/them” in English), in which ELAN was not detected. Furthermore, Fromont et al. (2020) attempted to mitigate the interference from critical word alternation by changing presentence contexts and the type of critical words in the experimental sentences. Nevertheless, no ELAN effect was identified. Likewise, studies on Chinese sentences failed to find ELAN when keeping the sentential context unchanged (e.g., Yu and Zhang, 2008; Zhang et al., 2010, Experiment I, 2013; Wang S. et al., 2013; Wang et al., 2015; Yang et al., 2015). Furthermore, word category violation is deemed as syntactic violation from the linguistic perspective, while in Chinese, a word category violation is always accompanied with the semantic violation, and thus it can serve as the double-violation condition, which is valid for examining the interplay between syntactic and semantic processing in both alphabetic languages and Chinese. In light of the established rationales (e.g., Ye et al., 2006; Zhang et al., 2010, 2013), we could attribute the absence of ELAN to the null temporal and functional priority of syntax over semantics in Chinese, thus in support of the notion that in Chinese syntactic processing (esp., reflected by the word category combinations) is highly interactive with semantic processing as Chinese is assumed to depend on meanings heavily.

In addition, although ELAN was mostly identified from auditory experiments, the possibility cannot be ruled out that ELAN could be elicited from visual presentations (Gunter and Friederici, 1999; Friederici, 2017). For example, Dikker et al. (2009) noted that early syntactic processing might involve visual perception and analysis, which would facilitate the time course of syntactic processing. As the current study presented all sentences visually, the absence of ELAN in the current study might not relate to the input modality of language stimuli (but see Limitation for further discussion).

Even though ELAN was absent for both groups, L1 speakers and L2 learners manifested greater negativities in the N400 time window and greater positivities in the P600 time window in bilateral central-posterior sites when recognizing double violations than pure semantic violations. In particular, the priority of syntactic information processing could also be reflected by the block effect from syntactic violation on subsequent semantic processing (Steinhauer and Drury, 2012). Consistent with existing studies on Chinese simple structures (Yu and Zhang, 2008; Wang S. et al., 2013; Zhang et al., 2013; Zeng et al., 2020), the current study detected greater N400 from double violations than from the NORM condition, which is not supportive of a block effect. Meanwhile, this N400 was widely distributed at the central-posterior sites on the human scalp, which is in line with these related ERP studies. However, previous studies pointed out that the blocked semantic N400 might be affected by task demands and material properties. For instance, Hahne and Friederici (2002, Experiment II) found that N400 was elicited from double-violation sentences when the participants were engaged in a semantic judgment task. The authors therefore believed that semantic processing requires more cognitive control and is not as automatic as syntactic processing. Likewise, Zhang et al. (2010) admitted that the task of their Experiment I, which required the participants to answer questions related to the semantics of the experimental sentences, might also involve a bias toward semantic processing, thus resulting in larger N400 for double-violation sentences. However, they also identified significantly larger negativities associated with the double violations in experiment II, which employed an overall acceptability judgment task that was neutral with regard to syntactic and semantic processing.

In addition to task demands, N400 and the block effect could be impacted by the accessibility order of syntactic and semantic information in the experimental materials (Hahne and Friederici, 2002; van den Brink and Hagoort, 2004). In Hahne and Friederici’s (2002) double-violation sentence “Das Turschloß wurde im gegessen.,” syntactic violation was created by word category violation in “im gegessen” locally, while semantic violation was realized by the long-distance violation between “Das Turschloß” and “gegessen.” It is thus debatable that the asymmetry of the violation distance may induce ELAN and further cause a block effect. In other words, the extraction of the subject N “Das Turschloß” from working memory and the establishment of the relationship between the subject and the predicate verb “gegessen” were obviously slower than the immediate collocation between adjacent words (i.e., “im gegessen”). As such, the first violation the participants encountered was the violation of word category. However, Zhang et al. (2010) employed a similar manipulation as Hahne and Friederici (2002) in Experiment II, where ELAN and block effects were still not found in the asymmetry of violation distance.

To resolve the confounding factors mentioned above on the N400 findings, the current study employed an overall acceptability judgment task (Zhang et al., 2010) to prevent participants’ potential semantic bias. Importantly, our study focused on Chinese complex sentences where the disagreements between critical words and their collocation took place at the same distance for both the SEM and SEM + SYN conditions. As such, word syntactic information and semantic information could be accessed at the same time. Previous studies used Chinese simple sentences including “BA” and “BEI” structures as experimental materials, where syntactic processing may be weakened due to the relatively local syntactic violation. However, the syntactic complexity of our complex sentences was relatively higher, which could better reflect the role of word category information in long-distance dependency processing (see also Gibson, 1998). Furthermore, in our study, the critical words were placed in the middle of experimental sentences instead of at the end. This operation could effectively eliminate the wrap-up effect on ERP signals (Hahne and Friederici, 2002; Hagoort, 2003). Collectively, we can further verify that Chinese syntactic and semantic information are processed in parallel rather than in a serial manner (Kuperberg, 2007; Zhang et al., 2013; Fromont et al., 2020).

As expected, we observed that SEM + SYN induced significantly larger negativities than SEM in the N400 time window for both L1 and L2 speakers. As N400 conventionally indexes a process of semantic violation detection, our findings suggested an interactive pattern of syntactic and semantic violations in this time window. The consequences of a semantic violation on the N400 amplitude were boosted by an additional syntactic violation, while there was no boost of syntactic violation on P600 amplitude by additional semantic violation, thus manifesting an asymmetric pattern between semantic and syntactic processing (Hagoort, 2003). As such, we interpret the enhanced N400 in the SEM + SYN condition as additional difficulty in semantic integration from syntactic violation.

In line with previous findings (Wang S. et al., 2013; Wang et al., 2015), our study identified late positivities in the P600 time-window at bilateral centro-parietal sites for both SEM + SYN and SEM conditions. In addition, the enhanced P600 elicited by SEM + SYN compared with SEM tended to manifest an overlap between syntactic and semantic violations. Importantly, this pattern was consistent for both L1 speakers and L2 learners. P600 has been associated with the integration (Kaan et al., 2000; Friederici, 2011) and restoration (Hagoort et al., 1993; Friederici et al., 2002a; Kaan and Swaab, 2003) of various types of sentence information. In contrast, Zhang et al. (2013) found that double violations of verb transitivity and semantics did not induce the late positive component in the P600 time window compared with normal sentences. The authors thus interpreted the P600 as a sensitivity to the degree of sentence abnormality. Frisch et al. (2004) found that syntactic violation represented by word category violation could block the processing of argument structure, while the simple argument structure violation was set by verb transitivity violation. As such, verb transitivity violation may be lower than word category violation with regard to the degree of syntactic violation. Similarly, syntactic violation and double violations induced comparable P600 patterns among French L1/L2 speakers (Fromont et al., 2020) and Chinese L1 speakers (Lu, 2015; Li, 2016). However, as these studies used simple sentences where syntactic violations were always contaminated by semantic violations to some extent, the interplay between syntactic and semantic information in the P600 time window remains to be elucidated. Our study also detected a P600 associated with pure semantic violation in both groups. Kuperberg (2007) held that when semantic information was abnormal, a semantic memory-based stream could generate semantic illusion, which could decrease N400 amplitudes and merge the lexical entries into a combinatorial stream. This combination could enable a semantic (re)analysis and further cause a P600 component. In addition, P600 caused by semantic violation might reflect a combinatorial mechanism of semantics and syntax from a more general sense. Therefore, for both L1 and L2 speakers in our study, the observed P600 related to SEM + SYN and SEM might implicate an integral index of final repair and integration of semantics and syntax in complex sentence comprehension. One contribution of our study with regard to this issue is that we extended the P600 findings to Chinese L2 learners reading complex sentences. Even though their L1 and L2 exhibit linguistic differences, highly proficient L2 learners can still present similar patterns for syntactic processing as native speakers of the target language from the absence of ELAN to greater N400 and P600 associated with SEM + SYN than NORM. Taken together, our L2 findings are consistent with Friederici et al.’s (2002b) notion that highly proficient L2 learners can develop native-like processing strategies. For both groups, syntax does not present a temporal and functional priority over semantics, and there is an intensive interaction between syntactic and semantic information in the N400 time window such that double violations are associated with enhanced negativities due to accumulated semantic and syntactic information (Hagoort, 2003). In the later time window of P600, positivities could reflect participants’ repair and integrity of the complex structures.

However, although L2 learners and L1 speakers had similar processing patterns shown by ERP, the difference waves’ latency of “SEM + SYN - SEM” of L2 learners was longer than that of L1 speakers. This result was consistent with Yang (2012), who investigated the differences between L1 Chinese speakers and highly proficient German-speaking Chinese L2 speakers in processing the Mandarin “BEI” structure. According to the between-group analysis results as well as the visualization in Figure 4, L2 learners showed a significant delay of the N400 and P600 latencies. Thus, L2 speakers were still slower than L1 speakers in detecting, repairing, and integrating syntactic and semantic violations when reading Chinese complex sentences.

Specifically, the unified competition model (MacWhinney, 1997, 2005) holds that L2 learners employ the cognitive resources and processing strategies from their L1 to address L1-L2 shared structures. However, in regard to a marked contrast between L1 and L2, it remains unknown how L2 learners from different learning stages process the complex L1 structure. Our results revealed that highly proficient L2 learners developed parallel patterns to L1 speakers when processing center-embedded Chinese relative clauses, while the only difference was shown in the longer latency. The difference between L1 and L2 implies a difference in degree, not in kind, thus supporting a unified competition account. Although existing studies have established the role of L2 proficiency (Bowden et al., 2013; Yu and Dong, 2018; Jin et al., 2019), the similar processing pattern between L1 speakers and L2 learners indicates that given adequate language exposure, L2 learners can effectively suppress the influence of their mother tongue (i.e., L1) and show native-like sentence processing. In particular, the interaction between syntactic and semantic information processing in reading Chinese sentences plays a similar role for both L1 speakers and highly proficient L2 learners. Nevertheless, we found a difference in the ERP latencies, which might suggest the additional time that L2 learners need to process, repair, and integrate syntactic and semantic information. In light of the declarative/procedural (DP) model (Ullman, 2015), in both L1 and L2, the knowledge of syntax should initially be learned in declarative memory. In parallel, procedural memory should also gradually develop. After sufficient exposure to the language, procedural memory-based syntactic processing should take precedence over analogous declarative knowledge, resulting in increasing automatization of syntactic processing, which provides the opportunity for L2 learners to develop native-like automatic processing. However, Ullman (2015) also noted that even after years of exposure, adult L2 learners might not attain the degree of proceduralization of their syntax as L1 or early L2 learners because the ability of procedural memory gradually fades with increasing learners’ age. In other words, there seems to be an unbridgeable gap in the automaticity of sentence processing between L1 speakers and late L2 learners. However, based on the current results, we propose that the nature of this gap might be quantitative rather than qualitative.



5. Conclusion

In light of ERP techniques, the current study examined how syntactic category information and semantics interact with each other regarding the time course of reading Chinese complex sentences among L1 speakers and highly proficient L2 learners. Our results revealed that double violations of semantics and syntax did not elicit an ELAN effect for either group. In addition, double violations evoked enhanced N400 and P600 compared with normal sentences, thus exhibiting a consistent biphasic waveform pattern. These findings indicate a highly interactive relationship between syntactic and semantic information during Chinese complex sentence reading and suggest that syntax does not manifest a temporal and functional priority, which could relate to the typological specialties of the Chinese language system. Importantly, Chinese L2 learners with a morphologically rich language background could effectively suppress the influence from their L1 and show a similar ERP pattern to native Chinese speakers. Our findings further suggest that the syntax-first pattern in L2 might be limited to specific languages such that there might exist an interaction between L2 proficiency and language typology. Languages with differing morphological diversity might exhibit different electrophysiological patterns regarding the interplay between syntactic and semantic processes.



6. Limitation

The current study has several limitations warranting discussion.

First, participants’ gender differences were not well controlled in each group. Even though both L1 and L2 groups shared a similar gender ratio (L1: male:female = 6/17; L2: male:female = 7/16) in the present study (see also Wang S. et al., 2013: 6 to 15; Wang et al., 2015: 4 to 17 for a similar ratio), making the results comparable between the groups and the studies, whether and to what extend the gender factor would modulate the relationship between semantic and syntactic processing during Chinese complex sentence reading still await to be explored.

Second, the working memory capacities were comparable across the two groups (L1 vs. L2), and for the materials, as the critical word position in the sentence was identical across all the conditions (Norm, SEM, and SEM+, SYN), WM variations (if any) should not be confounded with our results. Nevertheless, we did not further examine whether and how the individual working memory differences might modulate the sentence processing, which is a valuable research question for further investigations.

Third, we only aimed to investigate whether relatively-high-proficiency Chinese L2 learners with a distinct language background from Chinese could process the syntactic and semantic information as Chinese L1 speakers, Thus, the potential modulation effect of L2 proficiency was not in the focus of the present study. Nevertheless, future studies may include more languages and various language proficiency levels to address these issues in a more systematic fashion.

Last, although ELAN was mostly identified from auditory experiments, evidence that it could appear in reading studies (i.e., in the visual modality) was also reported (e.g., Neville et al., 1991; Dikker et al., 2009; Wang S. et al., 2013). As such, we attributed the absence of ELAN to the absence of initial syntactic processing, the rationale of which is also in line with existing studies in Chinese (Yu and Zhang, 2008; Zhang et al., 2010; Wang S. et al., 2013; Wang et al., 2015; Zeng et al., 2020), rather than the mere modality effect. However, conducting the present experiment in the auditory domain is expected in the near future so as to evaluate whether the ELAN effect would be amplified in the auditory modality.
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Footnotes

1   BA structure is constructed by a subject (NP1) followed by the preposition BA and the object (i.e., NP2), and finally a VP. The preposition BA forces the default word order in Chinese [i.e., subject–verb–object (SVO)] into subject–BA–object–verb to emphasize the meaning of disposal. For example, 设计师把布料裁了 [literal glosses: the stylist BA the cloth cut le (functional word); translation: the stylist cut the cloth] (Jin, 1997; Ye et al., 2006; Zhang et al., 2010).

2   BEI structure [subject (NP1) + BEI + object (NP2) + VP] in Chinese is used as the passive voice structure, which is similar to the passive voice structure in English [subject (NP1) + be + VP-ed + by + object (NP2)]. E.g., 自行车被小偷偷走了 [literal glosses: the bike BEI a thief stolen away le (functional word); translation: the bike was stolen away by a thief] (Wang S. et al., 2013; Wang et al., 2015).

3   Chinese QING structure consists of the following items in sequence: QING + NP1 + VP + NP2, which is similar to “ask + NP1 + to + VP + NP2” in English. Qing structure is frequently used to express imperative mood in Chinese, and it sounds polite. E.g., 请你打扫这个房间 [literal glosses: QING you clean up this room; translation: please clean up this room] (Yang et al., 2021).

4   ACC reflects the correct acceptance of NORM condition and the correct rejection of SEM and SEM + SYN conditions.
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Plenty of studies have been conducted to reveal neurocognitive underpinnings of conceptual representation. Compared with that of concrete concepts, the neurocognitive correlates of abstract concepts remain elusive. The current study aimed to investigate the influence of conceptual concreteness on the reading acquisition and integration of novel words into semantic memory. We constructed two-sentence contexts in which two-character pseudowords were embedded as novel words. Participants read the contexts to infer the meaning of novel words which were either concrete or abstract, and then performed a lexical decision task and a cued-recall memory task. In lexical decision task, primed by the learned novel words, their corresponding concepts, thematically related or unrelated words as well as unlearned pseudowords were judged whether they were words or not. In memory task, participants were presented with the novel words and asked to write down their meaning. The contextual reading and memory test can demonstrate the modulation of conceptual concreteness on novel word learning and the lexical decision task can reveal whether concrete and abstract novel words are integrated into semantic memory similarly or not. During contextual reading, abstract novel words presented for the first time elicited a larger N400 than concrete ones. In memory task, the meaning of concrete novel words was recollected better than abstract novel words. These results indicate that abstract novel words are more difficult to acquire during contextual reading, and to retain afterwards. For lexical decision task behavioral and ERPs were graded, with the longest reaction time, the lowest accuracy and the largest N400s for the unrelated words, then the thematically related words and finally the corresponding concepts of the novel words, regardless of conceptual concreteness. The results suggest that both concrete and abstract novel words can be integrated into semantic memory via thematic relations. These findings are discussed in terms of differential representational framework which posits that concrete words connect with each other via semantic similarities, and abstract ones via thematic relations.
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 concreteness, thematic relation, novel word learning, contextual reading, EEG


1. Introduction

Concepts are a component of knowledge system and play an important role in human cognition. It is well-established that concrete concepts are mainly represented by sensory-motor information (for reviews see Capitani et al., 2003; Binder and Desai, 2011; Lambon Ralph et al., 2017). But the representation of abstract concepts – concepts that have no perceivable referents – remains elusive (but see Jessen et al., 2000; Binder et al., 2005; Wang et al., 2010; Pulvermüller, 2013; Hoffman et al., 2015; Binder, 2016; Borghi, 2022). One of the debated topics in this area is whether the manner of connections with other concepts is different for concrete and abstract concepts. The current study addressed the issue by examining how concrete and abstract novel words are learnt in contextual reading and integrated into semantic memory. To this end, we simulated vocabulary learning in second language (L2) study by associating novel words with known concepts in contexts, a crucial way to novel word learning (Batterink and Neville, 2011; Elgort and Warren, 2014). The findings will shed new light on the influence of conceptual concreteness on L2 reading acquisition.


1.1. Concreteness effect in word acquisition

Previous studies have shown that concrete words are learned better over abstract words in first language (L1, e.g., Palmer et al., 2013) and L2 (e.g., De Groot and Keijzer, 2000; Elgort and Warren, 2014) acquisition. For instances, Palmer et al. (2013) explored the influence of conceptual concreteness on the acquisition and subsequent processing of novel words. They asked native English speakers to learn real but rare English words which were paired with their definitions. It was found that participants acquired concrete words better than abstract words as indicated by the higher accuracy in the word-definition pairing test for the former ones. Meanwhile, participants responded faster to concrete words compared to abstract words in the later semantic categorization and lexical decision tasks, indicating a processing advantage of concrete (vs. abstract) words.

In L2 vocabulary learning, using a paired-associate learning in which English pseudowords were paired with Dutch translations, De Groot and Keijzer (2000) found that concrete novel words were easier to learn and less susceptible to forgetting for native speakers of Dutch, as indicated by higher recall accuracies for concrete words compared to abstract words. In contextual reading, Mestres-Missé et al. (2014) examined the influence of conceptual concreteness on novel word learning. They asked participants to read sentences ending with novel words and found that the reading times in the second (vs. first) sentences increased for abstract novel words but decreased for concrete novel words. These results indicated that the meaning of concrete words was discovered and learned faster than abstract words.

The concreteness advantage effect in word learning could be accounted for by dual coding theory in which an imagery-based system and a verbal-based system are associated with concepts in semantic memory (Paivio, 1986, 1991). According to the dual coding theory, while both the imagery-based and verbal-based systems are associated with concrete words, only the verbal-based system is involved for abstract words. With the support of the two systems, concrete words were learned better than abstract words. The neuroanatomical structure for dual-coding knowledge has been depicted by the neural framework of Bi (2021), in line with the direct neural evidence provided by previous study (Mestres-Missé et al., 2009). In the study, participants were asked to read sentences and to derive the meaning of novel words associated to concrete and abstract concepts. The important finding was that the ventral anterior fusiform gyrus, a region associated with high-level visual processing, showed a selective activation for novel concrete words, indicating the involvement of the imagery-based/sensory-derived system in concrete word learning.

Besides the dual coding theory, the concreteness effect could also be explained by context availability hypothesis (Schwanenflugel and Shoben, 1983; Schwanenflugel and Stowe, 1989). This theory argues that the difference between concrete and abstract words could be attributed to the discrepancy in the availability of contextual information. That is, abstract words tend to appear in a wider range of contexts than concrete words, which results in a looser contextual constraint for the abstract words (Hill et al., 2014). Based on this theory, the context wherein concrete and abstract concepts appear will modulate the concreteness effect. For instance, the concreteness effect in lexical decision task was absent after concrete and abstract words were processed in sentences (Schwanenflugel et al., 1988; van Hell and de Groot, 2008), showing a facilitation effect of sentence context on the processing of abstract words. The stronger contextual facilitation to abstract words processing than concrete words was also observed in other studies (Hoffman et al., 2015; Bechtold et al., 2021, 2022). However, in contrast to this theory, Taylor et al. (2019) found that concreteness effects were reliable for words presented both in isolation and in contexts, and similar for words in low-and high-constraint contexts.

Therefore, how the conceptual concreteness influences word acquisition in sentence reading needs to be further explored. If the facilitation effect stems from the context availability, there should be no difference between the acquisition of concrete and abstract novel words in sentence reading. In contrast, according to the dual coding theory the superiority of concrete concepts in learning through sentence reading should be observed.



1.2. Semantic integration of novel words

Previous studies have shown that, in contextual reading, novel words can be rapidly learned and integrated into the semantic network via different semantic relations (Borovsky et al., 2012; Chen et al., 2014; Ding et al., 2017a; Zhang et al., 2017, 2019). Among these studies, two important semantic relations, taxonomic and thematic relations (Mirman et al., 2017), are mainly explored. Taxonomic relation is established on the bases of semantic similarities between concepts (Murphy, 2010), and thematic relation organizes concepts by their complementary roles in the same event or episode (Estes et al., 2011).

In contextual reading, the experiments on novel word learning usually include a learning phase and a following testing phase. In the learning phase, novel words are embedded in contexts and participants are asked to read the contexts for deriving the meaning of novel words incidentally or intentionally. In the testing phase, the novel words serving as primes are paired with different types of semantically (taxonomically or thematically) related or unrelated target words. Participants are asked to judge whether the target word is a word or not. By comparing the behavioral and neural responses to the different types of target words, researchers could examine whether the novel words have been integrated into semantic memory through certain semantic relations.

Using the contextual learning paradigm, it is found that when contexts provide semantic features of concepts, the taxonomically but not thematically related words could be primed by the novel words, as indicated by the smaller N400s for the taxonomically related words than the unrelated words (Ding et al., 2017a). The results suggest that semantic integration of novel words into semantic memory is through taxonomic relations but not thematic relations (Ding et al., 2017a). However, when contexts describing events or scenarios were provided in the learning phase, the novel words could prime both taxonomically and thematically related words, indicating semantic integration of novel words into semantic memory via both taxonomic and thematic relations (Zhang et al., 2017, 2019). Taken together, the results suggest that the information provided by learning contexts influences the way of novel words integration into semantic memory.

Most of the aforementioned contextual reading studies are concerned with concrete concepts. How novel words associated with abstract concepts are integrated into semantic memory needs to be addressed. An influential theory, different representational frameworks (Crutch and Warrington, 2005, 2007; Crutch et al., 2006), assumes that concrete concepts are organized by semantic similarity and abstract ones by semantic association. In other words, concrete concepts connect with other concepts via taxonomic relations, and abstract ones via thematic relations. The theory stemmed from the results of a series of neuropsychological studies with patients. In the first study (Crutch and Warrington, 2005) a patient with semantic refractory assess deficit was asked to perform a task of matching spoken word to a written one. The target written word was paired with other three taxonomically (similarity-based) or thematically (association-based) related words. The results revealed a taxonomic but not thematic interference for concrete words, and a reverse pattern for abstract ones. The different representations for concrete and abstract concepts are also confirmed by studies using different tasks or techniques in normal individuals (Crutch et al., 2009; Duñabeitia et al., 2009). However, the findings were not replicated by some subsequent studies (e.g., Hamilton and Coslett, 2008; Zhang et al., 2013; Geng and Schnur, 2015). For instance, Geng and Schnur (2015) also used a spoken word to written word matching task and reported higher error rates and longer reaction times for both taxonomically and thematically related words compared with unrelated words irrespective of the concreteness of the target words. In addition, the interference was larger for the taxonomic than thematic words, indicating the prominent role of taxonomic relation in the organizations of both concrete and abstract concepts (Xu et al., 2018).

Given the abovementioned debate, how abstract novel words are integrated into semantic memory after contextual reading needs to be further explored. Ding et al. (2017b) examined whether concrete and abstract novel words learnt through contextual reading could be integrated into semantic memory via taxonomic relations by using event-related potential (ERP) technique with paradigm similar to previous studies (e.g., Chen et al., 2014; Ding et al., 2017a; Zhang et al., 2017, 2019). Participants were asked to derive the meaning of novel words through reading episodic contexts and performed a lexical decision task with novel words as semantic primes. The results showed that both concrete and abstract novel words could prime their taxonomically related words, indicating that both concrete and abstract novel words can be integrated into semantic memory via taxonomic relations, which was compatible with Geng and Schnur (2015).

However, the taxonomic and thematic relations are not mutually exclusive (Hill et al., 2014), that is, the taxonomically related words could also be thematically related with each other. Moreover, thematic relations are more dominant to abstract words (Zhang et al., 2013; Troyer and McRae, 2022). For example, Zhang et al. (2013) found both categorical (taxonomic) and associative (thematic) blocking interference for abstract words, but only categorical blocking interference for concrete words, indicating more relevance of abstract concepts to thematic relations. It is, hence, needed to further examine the (a)symmetry of semantic integration of concrete and abstract novel words via taxonomic and thematic relations.

Based on the aforementioned studies, the current study aimed to explore how the concreteness of concepts influences word acquisition during contextual reading, and whether the concrete and abstract novel words could be integrated into semantic memory via semantic relations in a similar way.




2. Research methodology


2.1. Research questions and theoretical hypotheses

The study aimed to address two research questions. Whether the concrete novel words could be learned better than the abstract ones in contextual reading? After contextual reading, whether the concrete and abstract novel words could be integrated into semantic memory through thematic relations in the same way? The two questions were examined through three experimental tasks. First, in the context reading phase, EEG data were recorded when participants read contexts to explore the difference in brain responses to concrete and abstract novel words in thematic contexts. Second, in the testing phase, lexical decision task was used to test how the concrete and abstract novel words were integrated into semantic memory when primed by the novel words. Third, a cued-recall memory test was conducted to explore the effect of concreteness on memory consolidation. The cued-recall memory test being conducted after the lexical decision task is to exclude the influence of explicit semantic retrieval of novel words on the implicit semantic priming to their corresponding concepts. In sum, the results of contextual reading and cued-recall memory tasks would show the learning effects for novel words, and the lexical decision task further elucidate integration processes of novel words into semantic memory.

As to the effect of the conceptual concreteness on word acquisition during contextual reading, in terms of the dual coding theory (Paivio, 1986, 1991), the concrete novel words would be learned better than the abstract novel words with the support of both verbal-and imagery-based systems, which would be reflected by smaller N400s and/or higher cued-recall accuracy for the concrete (vs. abstract) novel words. However, on the basis of the context availability hypothesis (Schwanenflugel and Shoben, 1983; Schwanenflugel and Stowe, 1989), the learning effects would be of no difference for the concrete and abstract novel words since the learning contexts provided equal context availability for them.

For the integration of concrete and abstract novel words into semantic memory via thematic relations, it was predicted that the novel words would connect with the thematically related words as indicated by the behavioral and/or neural semantic priming effects, namely, smaller N400s, shorter reaction time, and/or higher accuracy for the thematically related targets than for the unrelated targets, based on previous studies (e.g., Zhang et al., 2017, 2019). If the different representational framework (Crutch and Warrington, 2010) applies to the learning process, the semantic priming effects would be different in the two conditions. In contrast, if concrete and abstract concepts connect with other concepts through similar semantic relations, similar semantic priming effects in the concrete and abstract conditions would be observed.



2.2. Participants

Twenty-four university students (mean age 21.4 years, range 18–27, 12 males), right-handed native speakers of Chinese, took part in the experiment. They did not report dyslexia or neural impairment with normal or corrected-to-normal vision. This research was approved by the Ethics Committee of Institute of Psychology, Chinese Academy of Sciences. Before the EEG experiment, all subjects were given a written informed consent in accordance with the principles of the Declaration of Helsinki.



2.3. Materials

The materials in the learning phase were the same with those used in our previous study (Ding et al., 2017b). Sixty-six two-character pseudowords which can be pronounced but lack meaning served as novel words. They were embedded in two-sentence contexts to represent known concepts, half of which are concrete and the other half abstract. The novel words in the first sentences were always at the sentence-final position (see Table 1 for an example of stimuli). According to the pretest results (Table 2), most of participants could infer the meaning of the novel words in the two conditions with no difference between them [t(64) = 0.20, p = 0.840]. In addition, most of participants expected the corresponding concepts of the novel words at the terminal positions of the first sentences with equally high cloze probabilities [t(64) = −0.10, p = 0.924]. The results showed that the sentence constraints were not significantly different for concrete and abstract conditions, therefore excluding the potential influence of sentence constraint on the concreteness effect (Taylor et al., 2019; Bechtold et al., 2022). In addition, considering the potential influence of sentence complexity on word recognition, we used sentences with simple structures and both the numbers of characters [Concrete: Mean (SD) = 33.67 (2.34); Abstract: Mean (SD) = 33.64 (2.66), t(64) = 0.05, p = 0.961] and words [Concrete: Mean (SD) = 12.00 (1.09); Abstract: Mean (SD) = 11.94 (1.20), t(64) = 0.22, p = 0.830] were matched between the concrete and abstract conditions.

The lexical decision task was performed in the semantic priming paradigm, with the novel words serving as primes. Three types of real words: the corresponding concepts of novel words (CC), thematically related words (TR), and unrelated words (UR) and three pseudowords served as target words. Sixteen participants (mean age 22.7 years, range 19-27, 8 males) rated the semantic relatedness of the TR and UR targets to the CC targets on a 7-point Likert scale (7 indicates the most closely related and 1 indicates unrelated). Since the novel words were pseudowords, their concreteness was assigned based on that of their corresponding concepts. Sixteen participants (mean age 22.5 years, range 19-27, 8 males) rated the concreteness of all the target words on a 7-point Likert scale (7 indicates the most concrete, 1 indicates the most abstract). In addition, 21 participants (mean age 22.5 years, range 18-29, 11 males) rated the valence (7 indicates the most positive, 1 indicates the most negative) and arousal (7 indicates the highest arousal, 1 indicates the lowest arousal) of all the target words on 7-point Likert scales. Meanwhile, word frequency (Cai and Brysbaert, 2010) and number of strokes of all the target words were calculated. The descriptive results of all the aforementioned pretests are presented in Table 2. As can be seen in Table 3, the statistical analyses results indicated that the TR targets were more semantically related to the CC targets than the UR targets irrespective of the conceptual concreteness. In addition, the concrete words are rated to be more concrete than the abstract words irrespective of the target condition. Besides, all the target words were not significantly different in valence, arousal, word frequency, or number of strokes.

Meanwhile, for the TR targets, we calculated their cloze probabilities in the first sentences and their inferring probabilities in the whole discourses. Due to the non-normal distribution of the ratios, we conducted Mann-Whitney tests and found that the cloze probabilities [n = 66, z = -1.00, p = 0.317] or the inferring probabilities [n = 66, z = -1.00, p = 0.317] of the TR targets were not significantly different between the concrete and abstract conditions, indicating that participants learned the correct meaning of novel words.



TABLE 1 Examples of the stimuli in the learning phase and lexical decision task.
[image: Table1]



TABLE 2 Means (SDs) of the stimuli properties.
[image: Table2]



TABLE 3 F-values of the ANOVAs on the stimuli properties.
[image: Table3]



2.4. Procedure

Participants who were not recruited in any pretests took part in EEG experiment. The 66 discourses were divided into six blocks with each of three blocks including 10 discourses (five concrete and five abstract) and each of the other three blocks including 12 discourses (six concrete and six abstract). In each block, participants read the contexts in a pseudo-random order with no more than three discourses of the same condition being presented consecutively. Following a 1,000-ms fixation cross in the center of the screen, the contexts were presented one word or two-word phrase at a time (500-ms duration, 300-ms inter-stimulus interval (ISI)). The novel words were always presented in isolation for 1,000 ms. The two-sentence discourse was presented again on the screen after the last phrase and participants could press the space button if they had inferred the meaning of the novel words. After a 2000-ms resting screen, the next trial began.

After reading all 10 or 12 discourses in a block, participants performed a lexical decision task. Following a 1,000-ms fixation cross in the center of the screen, a prime word and a target word were presented in serial for 300 ms with a 200-ms ISI. Participants pressed the “F” or “J” on the keyboard to indicate whether the target word was a real word or not as quickly and accurately as possible. The button press was counterbalanced across participants. The word pairs were presented in a pseudo-random order: the same trial type was not presented consecutively more than three times and word pairs containing the same novel word were not presented in succession.

There was a short break between blocks. Approximately 20 min after all the blocks, participants performed a cued-recall memory task in which they were asked to write down the meaning of novel words learned in the experiment. Before the EEG experiment, participants had been told that there would be a memory test for the novel words.



2.5. Electrophysiological recording and Preprocessing

EEG was recorded (0.05–100 Hz, sampling rate 500 Hz) during contextual reading and lexical decision task with 64 Ag/AgCl electrodes, with the online reference linked to the right mastoid electrode. Vertical blinks and horizontal eye-movements were monitored. All electrodes impendence was kept below 5 kΩ. With NeuroScan software 4.5, automatic correction of the ocular artifacts (Semlitsch et al., 1986) and a band-pass filter at 0.1–30 Hz were conducted. Then the EEG data were segmented into 1,200-ms epochs from 200 ms before to 1,000 ms after the onset of critical words. After baseline correction with the mean amplitudes of prestimulus interval, an artifact correction was performed with criteria of ±80 μV at all electrodes except for electrooculograms, and the ERPs were re-referenced offline to the algebraic average of two mastoids.



2.6. ERP data analysis

Based on previous studies (Ding et al., 2017b) and visual inspections, 300–400 ms (for learning phase)/300–500 ms (for testing phase) and 500–1,000 ms (for both learning and testing phases) time windows were selected for the N400 and late components, respectively. For the learning phase, conceptual concreteness (abstract, concrete), presentation time (first, second), laterality (left, middle, right), and anteriority (anterior, central, posterior) served as within-subject factors in repeated measures ANOVAs. For the testing phase, conceptual concreteness (abstract, concrete), target condition (CC, TR, UR), laterality and anteriority were taken as within-subject factors in repeated measures ANOVAs. The combination of laterality and anteriority resulted in nine regions of interest with each containing six electrodes: left anterior (F3, F5, F7, FC3, FC5, and FT7), left central (C3, C5, T7, CP3, CP5, and TP7), left posterior (P3, P5, P7, PO5, PO7, and O1), middle anterior (F1, FZ, F2, FC1, FCZ, and FC2), middle central (C1, CZ, C2, CP1, CPZ, and CP2), middle posterior (P1, PZ, P2, PO3, POZ, and PO4), right anterior (F4, F6, F8, FC4, FC6, and FT8), right central (C4, C6, T8, CP4, CP6, and TP8), and right posterior (P4, P6, P8, PO6, PO8, and O2). In addition, for the pair-wise comparisons involving factors with three levels, corrected p values were reported with Bonferroni correction.




3. Results


3.1. Behavioral data

Due to the non-normal distribution of the data, generalized linear mixed-effects model analyses were conducted in R (R Core Team, 2013) using glmer function for the reaction time (RT) with a logarithmic link function (Lo and Andrews, 2015) and accuracy (ACC). Meanwhile, hypr package (Rabe et al., 2020) was used to construct custom contrast coding mainly for the pair-wise comparisons for the target condition. In the models, conceptual concreteness, target condition and their interaction were included as fixed effect factors. The models were initially constructed with maximal random effect structures. When the models failed to converge, we simplified the random structure according to Bates et al. (2015). The final models for the RT and ACC were the same:

[image: image]

For the reaction time, error trials (4.31%) and outlier data points (beyond 2.5 SDs as well as shorter than 300 ms or longer than 1,500 ms, 4.88%) were excluded from the analysis. Figure 1A presents the reaction time of the remained trials in each condition. Table 4 presents the results of custom contrast coding for the reaction time. The results showed that participants responded fastest to the CC targets, then to the TR targets and slowest to the UR targets. Neither the main effect of conceptual concreteness nor the interaction between conceptual concreteness and target condition were significant.

[image: Figure 1]

FIGURE 1
 The reaction times of the correct responses (A) and the accuracies (B) for target words in each condition. CC: corresponding concepts; TR: thematically related words; UR: unrelated words.




TABLE 4 GLMM results for the reaction time.
[image: Table4]

Table 5 presents the results of custom contrast coding for the accuracy. As also can be seen from Figure 1B, the accuracy decreased in a graded manner from the CC targets, to the TR targets, finally to the UR targets. Similar to the results for the reaction time, the main effect of conceptual concreteness or the interaction between conceptual concreteness and target condition were not significant.



TABLE 5 GLMM results for the accuracy.
[image: Table5]

In the cued-recall memory test, participants recollected the meaning of concrete novel words better than that of abstract novel words [Concrete: Mean (SD) = 12.29 (10.93); Abstract: Mean (SD) = 9.38 (9.88), t(23) = 4.34, p < 0.001].



3.2. ERP data

The grand average waveforms elicited by the novel words in the learning phase at CZ electrode are presented in Figure 2. For the learning phase, in the time window of 300–400 ms, we found a significant interaction between concreteness and time [F(1,23) = 11.23, p = 0.003, ηp2 = 0.328]. The following simple-effects tests showed that the abstract novel words elicited smaller N400s for the first time than the second time [F(1,23) = 6.60, p = 0.017, ηp2 = 0.223]. This effect was absent for the concrete novel words [F(1,23) = 0.01, p = 0.910, ηp2 = 0.001]. Meanwhile, the abstract novel words elicited larger N400s than the concrete novel words for the first time [F(1,23) = 4.47, p = 0.045, ηp2 = 0.163], but not for the second time [F(1,23) = 4.25, p = 0.051, ηp2 = 0.156]. In the time window of 500–1,000 ms, there was a significant main effect of time [F(1,23) = 43.38, p < 0.001, ηp2 = 0.653] and a significant interaction between time and hemisphere [F(2,46) = 5.72, p = 0.006, ηp2 = 0.199]. The following ANOVAs showed that the novels words elicited larger late positivities for the first time than the second time in the left [F(1,23) = 83.33, p < 0.001, ηp2 = 0.784], middle [F(1,23) = 29.30, p < 0.001, ηp2 = 0.560], and right [F(1,23) = 16.60, p < 0.001, ηp2 = 0.419] regions.
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FIGURE 2
 ERP results in the learning phase. Grand average waveforms elicited by the novel words in the learning phase in the abstract condition (A) and concrete condition (C) at Cz electrode. Topographies showing the N400 and LPC effects (first presentation vs. second presentation) in the abstract condition (B) and concrete condition (D). The solid lines represent the novel words presented for the first time. The dotted lines represent the novel words presented for the second time.


Figure 3 presents the grand average waveforms elicited by the target words at CZ electrode. For the testing phase, in the N400 time window, we found a significant main effect of target condition [F(2,46) = 16.63, p < 0.001, ηp2 = 0.420]. Pair-wised comparisons revealed that the CC targets elicited the smallest N400s, the TR targets the moderate, and the UR targets the largest [CC vs. UR: t(23) = 4.52, p < 0.001; TR vs. UR: t(23) = 3.08, p = 0.016; CC vs. TR: t(23) = 3.70, p = 0.004]. We also found a significant main effect of concreteness [F(1,23) = 20.65, p < 0.001, ηp2 = 0.473], with the concrete condition eliciting larger N400s than the abstract condition. The interactions between concreteness and hemisphere [F(2,46) = 3.52, p = 0.038, ηp2 = 0.133], as well as between concreteness and anteriority [F(2,46) = 16.14, p < 0.001, ηp2 = 0.412] were also significant. The following ANOVAs showed that the concrete targets elicited larger N400s than the abstract targets over the whole brain regions [Left: F(1,23) = 10.73, p = 0.003, ηp2 = 0.318; Middle: F(1,23) = 19.41, p < 0.001, ηp2 = 0.458; Right: F(1,23) = 18.91, p < 0.001, ηp2 = 0.451; Anterior: F(1,23) = 32.08, p < 0.001, ηp2 = 0.582; Central: F(1,23) = 18.07, p < 0.001, ηp2 = 0.440] except the posterior region [F(1,23) = 2.66, p = 0.117, ηp2 = 0.104]. In the time window of 500–1,000 ms, only a significant main effect of concreteness was found [F(1,23) = 8.68, p = 0.007, ηp2 = 0.274], with the abstract targets eliciting larger late positivities than the concrete targets.
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FIGURE 3
 ERP results in the lexical decision task. Grand average waveforms elicited by the target words and topographies showing the N400 effects in the abstract condition (A) and concrete condition (B) at Cz electrode. Panel (C) presents the grand average waveforms elicited by the concrete and abstract targets at Cz electrode, as well as the topographies showing the N400 and LPC effects in response to the conceptual concreteness. The red lines represent the corresponding concepts (CC). The green lines represent the thematically related words (TR). The blue lines represent the unrelated words (UR). The solid line represents the concrete condition. The dotted line represents the abstract condition.





4. Discussion

The current study investigated the influence of conceptual concreteness on reading acquisition and integration of novel words into semantic memory. During contextual reading, the abstract novel words elicited a larger N400 than the concrete novel words for the first presentation. In the memory test, concrete novel words were better recollected than abstract novel words. These results indicated that the meaning of abstract novel words was derived more difficultly and more susceptible to forgetting than that of concrete ones. During the testing phase, both behavioral and ERP results revealed semantic integration of novel words into semantic network via thematic relations, as indicated by the graded RTs and accuracy as well as N400s for the CC, TR and UR targets, regardless of conceptual concreteness.


4.1. Modulation of concreteness on reading acquisition of novel words

In contextual reading, the abstract novel words elicited a larger N400 than the concrete novel words for the first presentation. N400 is a well-established component, indicating the easiness of semantic processing such as semantic retrieval or semantic integration (Lau et al., 2008; Kutas and Federmeier, 2011). Semantic violation would elicit a larger N400 during language comprehension (Kutas and Hillyard, 1980). When participants encountered the novel words in the first sentences, they would experience a semantic violation because the CC targets were strongly expected as indicated by their high cloze probabilities. Therefore, participants should retrieve semantic information (i.e., the CC targets) in semantic memory for the novel words. Due to the more consistency for words with more sensory-based representations and more variations for words with more language-based representations (Wang and Bi, 2021), the larger N400s for the abstract than concrete novel words indicated more difficulty in deriving the meaning of abstract novel words. This result was in line with the prediction of the dual coding theory that the concrete concepts would be better retrieved than abstract concepts with the support of both the verbal and imagery systems (Paivio, 1986, 1991).

However, this result seems to contradict the pretest results that showed no difference between the predictabilities of the corresponding concepts of concrete and abstract novel words (80.80 and 81.06% for concrete and abstract conditions, respectively). This contradiction between the ERPs and behavioral measures might be attributed to the different sets of cognitive operations which were caught by the two techniques. The ERPs reflect the online semantic processing of the stimuli, while the behavioral measures are associated with a series of cognitive processes, such as semantic access, decision making and motor operations within a relatively long-time duration (Holcomb, 1993; Chen et al., 2014). Therefore, without time pressure, the difficulty of deriving meaning of abstract novel words may not be reflected by the cloze probability test.

In addition, the novel words presented for the first time elicited larger late positivities than the second time in both conditions. This later effect, in terms of LPC or P600, in sentence comprehension is associated with semantic re-analysis of the perceptual input which is in conflict with the contextual prediction (Kuperberg, 2007; Brouwer et al., 2012; Kuperberg et al., 2020). As discussed above, the novel words in the first sentences were semantically anomalous compared with the corresponding concepts of novel words which were predicted based on the preceding contexts. After retrieving the meaning of novel words, participants needed to re-analyze the novel words by associating the corresponding concepts to them to make sense of the sentences. When the novel words were encountered at the second sentences, this semantic re-analysis was easier relative to that in the first sentences, resulting in smaller late positivities. In particular, the later effect was not influenced by conceptual concreteness. We postulated that the difficulty in semantic retrieval might have been resolved in the N400 time window. After the corresponding concepts were retrieved, the semantic re-analysis was not that demanding with no differences between the concrete and abstract contexts due to the strong constraints in both conditions. This later effect, to some extent, can be considered as a supportive evidence of context availability hypothesis in contextual reading at electrophysiological level. Combined with the N400 results, the ERPs in contextual reading indicate a cognitive neurodynamic processing of concrete and abstract words during sentence comprehension.

The influence of conceptual concreteness manifested in the lexical decision task. The concrete target words elicited larger N400s and smaller late positivities than the abstract ones, regardless of the semantic relatedness with the prime words. Previous studies have reported this larger long-lasting negativities for concrete words than for abstract words in a variety of processing tasks (Kounios and Holcomb, 1994; Holcomb et al., 1999; West and Holcomb, 2000; Kanske and Kotz, 2007; Huang et al., 2010; Adorni and Proverbio, 2012; Barber et al., 2013; Palmer et al., 2013; Bechtold et al., 2018, 2022). The long-lasting negativity effect includes an initial N400 component and a late N700 component. Holcomb et al. (1999) extended the dual coding theory and the context availability theory and proposed that concrete concepts are supported by superior linguistic information and an additional imagery-based system relative to abstract concepts. The N400 effect in response to conceptual concreteness is proposed to reflect stronger involvement of semantic activation or integration for concrete (vs. abstract) words which is in line with context availability theory; consistent with the dual coding theory, the N700 effect is associated with enhanced retrieval of visual imagery information (Kounios and Holcomb, 1994; Holcomb et al., 1999; Bechtold et al., 2018, 2022). It is worth noting that, in line with previous studies, the current study obtained a fronto-central N400 effect in response to conceptual concreteness in single-word processing (Barber et al., 2013; Palmer et al., 2013). While words were accompanied by contexts (Holcomb et al., 1999; West and Holcomb, 2000; Bechtold et al., 2022), the N400 effect distributed broadly or centro-parietally, which might be attributed to the high demands of integrating the words into contexts (Bechtold et al., 2022).

In addition, different from the ERP results, in the lexical decision task the behavioral results did not show the concreteness effect, that is, no difference in RTs or accuracies between the concrete and abstract conditions. These results are in line with the context availability hypothesis which predicts that the concreteness effect would disappear in the case words were embedded in contexts, especially in highly constraining contexts (Schwanenflugel et al., 1988; van Hell and de Groot, 2008). It was shown that highly constraining sentences in the current study facilitated the semantic access of both the concrete and abstract novel words, and in turn facilitated the implicit semantic processing of the target words. However, in the explicit semantic processing, namely cued-recall memory task, the performance for the concrete words was better than the abstract words. This may be ascribed to the strategies that participants used in the task. At the beginning of the experiment, they were told that there would be a memory test for the novel words. In this case they had to try to retain the corresponding concepts of novel words. As discussed above, in the support of (extended) verbal and imagery information for the concrete concepts, concrete novel words would be recollected better than abstract ones. It is due to the memory test, participants would be more sensitive to the conceptual concreteness, resulting in the N400 and N700 effects for the target words in the current study. Taken together, all these results suggest a modulation of conceptual concreteness on reading acquisition of novel word.



4.2. Similar semantic integration of abstract and concrete novel words

In the lexical decision task, the CC targets elicited the smallest N400s than other targets, and participants responded fastest to the CC targets with the highest accuracy. These results, along with the observed effects in the learning phase, indicated that the meaning of novel words was acquired in contextual reading, in line with previous studies exploring novel word learning in contextual reading (Mestres-Missé et al., 2007; Borovsky et al., 2012, 2013; Chen et al., 2014; Ding et al., 2017a,b; Zhang et al., 2017, 2019).

In addition, compared to the UR targets the TR target elicited smaller N400s with shorter RT and higher accuracy, indicating the establishment of thematic relations between novel and existing words in semantic memory. Using concrete words as stimuli, previous studies found that novel words could be integrated into semantic network through thematic relations (Zhang et al., 2017, 2019). In addition, this kind of semantic integration was modulated by the richness of learning context content. In contexts describing a single episode, novel words could only connect with words through thematic relation gained in the learning episodes; while in multiple episodic contexts, could connect with more words through extended thematic relations, even not implicated in the learning contexts (Zhang et al., 2019). In the current study, two sentences in a context depicted two episodes for the novel word, and the thematically related word in the testing phase was not related to the learning episodes. Therefore, the results of the present study did replicate the previous study in the concrete condition (i.e., Zhang et al., 2019).

Most importantly, it was found that the integration of novel words was not modulated by conceptual concreteness. In other words, both concrete and abstract novel words were integrated into semantic memory in a similar way through thematic relations. The findings are not predicted by different representational frameworks theory, which posits that abstract concepts connect with other concepts mainly via thematic relations while concrete concepts via taxonomic relations. According to Crutch and Warrington (2010), the theory was a graded but not binary model. Specifically, both concrete and abstract concepts connect with other concepts through similarity-based (taxonomic) and associative (thematic) information; the dependence on taxonomic or thematic relations varies along the continuum of concreteness, with more concrete concepts being more dependent on taxonomic representation and more abstract concepts more on thematic organization. In the current study, the corresponding concepts of concrete and abstract novel words were significantly different in conceptual concreteness on a 7-point Likert scale (6.15 and 2.73 for concrete and abstract conditions, respectively). The abstract novel words would connect with known words in semantic memory relying on much more thematic relations than the concrete novel words, which would be reflected by different semantic priming effects for the thematically related target words in abstract and concrete conditions. However, the observed smaller N400s for the thematically related (vs. unrelated) words did not interact with conceptual concreteness.

Previous studies have found that novel words learned in different types of contexts are integrated into semantic memory via different sematic relations (Ding et al., 2017a; Zhang et al., 2017, 2019). For instance, novel words are integrated into semantic memory either in contexts describing semantic features of concepts via taxonomic relations (Ding et al., 2017a) or in episodic contexts depicting the events or episodes via thematic relations (Zhang et al., 2017). One might argue that the similar integration through thematic relations for concrete and abstract novel words could be due to the learning episodic contexts, which emphasized the thematic associations among the concepts in the events. Nevertheless, a subsequent study has shown that novel words learned from episodic contexts could be also integrated into semantic memory via taxonomic relations (Zhang et al., 2019). Especially, our previous study using the same learning contexts with the current study found similar semantic integration of concrete and abstract novel words via taxonomic relations (Ding et al., 2017b). The results of our previous and current studies could not provide evidence for an asymmetric semantic integration of concrete and abstract concepts into semantic memory via taxonomic and thematic relations. Although the concrete novel words were learned better than the abstract ones, as predicted by the (extended) dual coding theory, the concrete and abstract novel words could establish both taxonomic and thematic relations with semantic memory via episodic contexts. Combined with the learning effects, it can be concluded that the conceptual concreteness only influences the learning processes of novel words but not the way the novel words are integrated into semantic memory.

However, the similar integration pattern of concrete and abstract novel words could not completely rule out the different dependence on taxonomic and thematic relations for concrete and abstract concepts due to the following reason. In the lexical decision task, only one word which was typically thematically related to the novel word was selected as stimuli. Due to the balance between semantic relatedness of the TR target words to both concrete and abstract novel words (CC target words in the pretest), the observed semantic priming effects were not significantly different in the two conditions. If using the blocked-translation paradigm in which a series of thematically related words served as competitors (e.g., Zhang et al., 2013), the semantic integration of novel words as indicated by semantic interference might be different between the concrete and abstract conditions.



4.3. Implications on L2 reading acquisition

The contextual learning paradigm used in the current and previous studies (e.g., Mestres-Missé et al., 2007, 2008; 2010; Borovsky et al., 2010; Chen et al., 2014; Ding et al., 2017a,b; Zhang et al., 2017, 2019; Liu et al., 2019) associated novel words with known concepts in semantic memory. This paradigm can be treated as a simulation of L2 vocabulary leaning, in which the concepts of novel words already exist in learner’s semantic memory (Mestres-Missé et al., 2007, 2014; Ferreira et al., 2015). Based on the findings of the current and our previous study (Ding et al., 2017b), the novel words could be learned rapidly and integrated into semantic memory via both taxonomic and thematic relations irrespective of conceptual concreteness. In addition, Zhang et al. (2019) found that in multiple episodic contexts novel words could be integrated into semantic memory via extended thematic relations and taxonomic relations. Taken together, all these results indicate that embedding words in episodic contexts, especially in multiple episodic contexts, will facilitate the learning efficiency for L2 vocabulary learning.

However, the generalization of the conclusion should be cautious. First, although previous studies revealed rapid acquisition of novel words in contextual learning paradigm in different languages, such as English (e.g., Borovsky et al., 2010, 2012, 2013), Spanish (e.g., Mestres-Missé et al., 2007, 2014), Chinese (e.g., Ding et al., 2017a,b; Zhang et al., 2017, 2019) and so on, only in Chinese the modulations of contextual information on the integration of novel words into semantic memory were examined here. Whether the facilitation effect of multiple episodic contexts on L2 vocabulary learning could be found in various languages needs to be further addressed. Second, individual differences such as age might modulate the observed effects. The weight of taxonomic and thematic relations in conceptual system organization changes during life span development. For instance, during children’s growing up, there is a developmental shift from thematic to taxonomic thinking; and thematic thinking gains more weight for aging people (for a review see Mirman et al., 2017). The participants recruited in the current study were adults which may rely on both taxonomic and thematic relations. Third, there has been evidence for the modulation of sentential constraint and L2 proficiency level on L2 word learning (Pulido, 2003; Borovsky et al., 2010; Elgort et al., 2015; Ma et al., 2015, 2016; Chen et al., 2017). Only in highly constraining sentences could the meaning of L2 novel words be derived (Ma et al., 2015), and higher-proficiency L2 learners outperformed than lower-proficiency L2 learners (Ma et al., 2015; Chen et al., 2017). Most of sentences used in these studies are highly constraining and presented in L1 for participants, who could be treated as high proficiency L2 language learners. Therefore, using weakly constraining sentences and recruiting L2 learners with different language proficiency levels and ages to investigate reading acquisition and semantic integration of novel words would increase the generalizability of the current conclusion in future studies. In addition, future studies are also needed due to the following limitation of the current study. In order to compare the current study with our previous study (i.e., Ding et al., 2017b), we used the same learning procedure in which the same novel word was repeated six times to each participant. Although the presenting order was counterbalanced across conditions, the repetition effects could not be completely excluded. Constructing more items and using a Latin square design will increase the robustness of the current conclusion.




5. Conclusion

The current study explored the modulation of conceptual concreteness on reading acquisition and semantic integration of novel words using contextual learning paradigm. During contextual reading, the meaning of abstract novel words was inferred with more difficulty than concrete novel words. In a cued-recall memory test assessing the learning effects of novel words, concrete novel words were preserved better than abstract ones. All these results, consistent with the (context-extended) dual coding theory, indicate the support of verbal and imagery information for concrete words processing. Meanwhile, both concrete and abstract novel words could construct thematic relations with known concepts in semantic memory, which is in conflict with the different representational frameworks theory under this circumstance (i.e., in lexical decision task). The results suggest a modulation of conceptual concreteness on reading acquisition but not on the type of semantic relations through which novel words are integrated into semantic memory.
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Introduction: The source of costs is a primary concern in code-switching, yet a consensus has not yet been reached. This study investigates whether code-switching during syntactic processing in Chinese-English dual languages results in a cost.

Methods: We use Chinese and English relative clauses in either object (Experiment 1) or subject (Experiment 2, which has a more complex structure) positions to test the costs in syntactic processing. Forty-seven Chinese-English bilinguals and 17 English-Chinese bilinguals participated in acceptability judgment tests and self-paced reading experiments.

Results: The statistical findings indicate that syntactic processing is a source of the costs incurred in code-switching, as evidenced by the code-switching costs observed in the head movement during relative clause comprehension.

Discussion: The outcomes are consistent with the implications of the 4-Morpheme Model and the Matrix Language Framework. Additionally, the experiment shows that the processing of relative clauses depends on the underlying structures, which is consistent with the Dependency Locality Theory.
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1. Introduction

Code-switching, shortened as CS, refers to the alternating use of two languages in a single utterance, a sentence, or other language components, which is one of the prominent features of bilingual language life (Toribio and Bullock, 2009). Within the field of psycholinguistic research on code-switching, the switching cost is a widely discussed phenomenon that refers to the cognitive consumption required by bilingual individuals when transitioning from one language to another, resulting in longer response times, higher error rates, and higher consumption of cognitive resources. This cost is quantifiable, easy to measure, and comparable, which reflects the language control ability of bilinguals (Zhang et al., 2020). Most research has found costs in code-switching understanding and producing with the discussions on influencing factors and sources of the costs.

There is currently no consensus on whether the cost of code-switching comes solely from task switching or also from language processing. There are discussions primarily on the lexical level and little research on the sentence level. This study provides evidence for the mechanism of code-switching costs at the syntactic level by examining whether code-switching will occur during the code-switching in the head movement of relative clauses comprehension in two experiments based on the different word orders of Chinese and English relative clauses. Experiment 1 examines the cost in object position relative clauses. While Experiment 2 involves the modification of materials to incorporate subject position relative clauses within an indirect speech context, thereby eliminating the potential influence of sentence-ending effects and the ambiguity associated with the definition of the matrix language.


1.1. The sources of code-switching costs

The cost of code-switching remains a topic of ongoing debate with questions surrounding its origin and whether language processing serves as the underlying reason or not. Currently there are two main explanations. The first proposes that only non-verbal processing is accountable for code-switching costs (Thomas and Allport, 2000; Zhang and Wang, 2012; Bosma and Pablos, 2020). While some studies contend that the cost of code-switching is also influenced by language processing, particularly bilingual mental lexicon processing (Grainger and Beauvillain, 1987; Casaponsa et al., 2020).

The first view is based on the idea that the code-switching process is controlled by a general cognitive control mechanism. Some studies have found that code-switching cost equals task-switching cost, which refers the increased response times and error rates that occur when individuals switch from one cognitive task to another (Monsell, 2003; Huang and Lin, 2010). Since code-switching and non-code-switching belong to two types of tasks with different difficulties using different strategies (Dijkstra and van Heuven, 2002), code-switching could be an inherent process of task-switching and entirely unrelated to language processing. Task-switching costs have been found in many code-switching studies too (Thomas and Allport, 2000; Cui and Zhang, 2010; Yim and Bialystok, 2012; Zhang and Wang, 2012; Liu et al., 2015; Timmermeister et al., 2020).

Liu et al. (2015) used alpha-number classification and picture-naming to investigate the relationship between code-switching and task-switching. Simple and mixed conditions were presented as separate blocks. In the alpha-number classification task, the alpha-number combination’s position was stationary in the simple condition. The task was to determine whether a letter was a vowel or a consonant. Under the mixed condition, the alpha-number pair’s position was not stationary. The task was to determine whether the letter was a vowel or consonant or to judge the parity of the number based on where the alpha-number combination appeared. The mixed conditions tested task-switching costs. The picture-naming analyzed the code-switching costs with similar sets. The simple condition required the subjects to use their mother tongue. In the mixed condition, they used either their mother tongue or second language depending on the position. In regard to the findings, there was no statistically significant interaction observed between task types and task conditions (simple/mixed). This suggests that the performance patterns of code-switching and task-switching costs are similar. According this study, it can be inferred that task-switching is responsible for all the costs associated with code-switching. However, Liu et al. (2015) concentrated on the output process of Cantonese-Putonghua bidialectal switching, which took place within the same language system and thus did not reflect the switching of two distinct languages. Switching between these two dialects may differ from switching between two distinct languages. Furthermore, their research, as well as several other experiments (Zhang and Wang, 2012), employed materials from the lexical level, which did not include switching in syntactic processing. No evidence is provided for whether there are costs from syntactic processing.

To the second view, certain studies have indicated that the cost of code-switching may arise from processing in the mental lexicon. As per this view, two distinct languages are stored in separate mental lexicons. When bilingual individuals process the orthographic or phonological information in one language, they activate only the corresponding mental lexicon. When code-switching occurs, it requires activation of another mental lexicon, leading to switching costs due to increased cognitive resource consumption. Grainger and Beauvillain (1987) has proved that there is a bilingual competition in sub-word processing by observing orthographic processing, and showed that the code-switching cost did occur at this stage.

The researchers categorized the words into two groups based on the independent variable of whether the targets were consistent with the orthographies of both languages or just one language, as demonstrated in Example (1):

1. A.Consistent with both English-French orthographies: brain (En), Canot (boat, Fr).

B.Consistent with English or French orthographies: white (En), proie (spoils of war, Fr).

In group A, the word “brain” is an English word, and its letter combination is also acceptable in French, and “canot” too. In group B, the “wh” in “white” is a letter combination that is allowed in English but not in French, so the word does not fit in both English-French orthographies, as does “proie.” In the word-nonword judgment task, there was a significant switching cost in group B but not in group A. Grainger and Beauvillain (1987) suggested that this phenomenon is related to the language-specific orthography in the mental lexicon, wherein different orthographies from different languages are stored separately and not activated concurrently. The change of orthographies leads to code-switching cost, indicating that the orthographic processing stage is the source of code-switching cost: in cases where a word possesses language-specific orthographic features, such as the English word “white” with the letter combination “wh,” the decoding process is limited to activating only the orthography that is consistent with the word (other English words), while the orthography that is inconsistent with the word (i.e., French words) is not activated. When switching to the French word, bilinguals need to activate French orthography, resulting in costs. If a word’s orthography is consistent with that of both languages, it activates dual language orthographies. Subsequently switching to French does not necessitate reactivation of the orthography, thereby reducing consumption.

The main focus of recent research has been on whether the costs of code-switching originate from the mental lexicon or simply from task-switching as a general cognitive process. Syntactic processing is rarely discussed. Myers-Scotton (1993, 2002) proposed that the Matrix Language Framework (shortened as MLF) and later the 4-M model, dividing code-switching into two phases: mental lexicon and formulator. The MLF puts forth the Uniform Structure Principle and the Differential Access Hypothesis. The former claims that when only one lexeme in a mixed language originates from the embedded language, the order should be consistent with that of the matrix language. The differential access Hypothesis states that no natural code-switching occurs in the formulator. This assertion implies that the source of the cost is the formulator. Li et al. (2018) use eye movement technology and discover switching costs in language processing. Dijkstra and van Heuven (2002) also argues that the code-switching cost may have multiple sources. Language processing and task switching are both potential sources of code-switching cost. The verification of syntactic processing costs, however, is still inadequate at this time.



1.2. Research on relative clauses processing

The relative clause is one of the most studied structural phenomena in language research. As the Chinese relative clause has a non-dominant word order (SVO language with a Relative-N order), the study of the relative clause holds typological significance. Research conducted on English and several other Indo-European languages has demonstrated that subject clauses are acquired prior to object clauses in both children and adults, and possess advantages in processing (Liu et al., 2011; Gutierrez-Mangado and Ezeizabarrena, 2012). Many theories, including Dependency Locality Theory, Relativized Minimality, Accessibility Theory, and Perspective Conversion Theory, have been proposed to explain this bias. Relativized Minimality and Dependency Locality Theory have received the most attention (Zhang, 2015; Hu et al., 2016). The former focuses on the distance between components in linear processing. The latter, which is based on the underlying structure, believes that movement across a greater number of components necessitates a higher level of cognitive consumption (Rizzi, 1990; Hu et al., 2016).

There is no agreed conclusion in the studies on Chinese relative clauses: some studies have found the advantage of subject clauses (Liu et al., 2011; Wei and Chen, 2020). Some studies prove that object clauses have advantages in acquisition and processing (Feng and Wang, 2013; Wang and Bing, 2013). These studies not only examine the processing of relative clauses in native Chinese speakers but also examine the development and processing of relative clauses in second and third language learners, as well as individuals with language impairments (He and Yu, 2001). Wei and Chen (2020) investigated the acquisition of relative clauses by high-level English learners in China through a Chinese-English translation test. Their study found out that the scores of Chinese English learners in translating subject relative clauses are significantly higher than that of object relative clauses. The main effect of clause types is significant, indicating that the two kinds of relative clauses are different in acquisition and actual use. Their research also examined the influence of position (clauses occupy subject or object position) on the acquisition and found out that subject-position relative clauses are easier to be learned.

As the Chinese relative clause has a specific word order, it is an excellent syntactic structure to test the word order hypothesis in the Matrix Language Framework (Myers-Scotton, 1993), which proposes that the word order of the embedded language should be consistent with that of the matrix language. At the same time, with different complexity of subject and object clauses, our research will use it to test the influence of grammatical difficulties on code-switching, which is also a test for Dependency Locality Theory and learners’ acquisition of relative clauses.



1.3. Code-switching on relative clauses

According to the principle of morpheme order in MLF, the word order of the embedded language should be consistent with that of the matrix language. Therefore, when code-switching is in relative clauses, the word order of the embedded language should be the same as the matrix language. Chinese and English relative clauses build up the word orders with opposite movement directions. By investigating code-switching occurring in the movement, this study aims to observe whether a cost is incurred during syntactic processing or not. As Chinese relative clause (clause-antecedent) is different from the English word order (antecedent-clause), this study chooses the opposite word orders of the relative clause to investigate Chinese-English code-switching costs in syntactic processing. The word order of Chinese relative clauses is unique in typology. Among the 879 languages in Dryer (2013), there are only five languages with VO and Rel-N, including Chinese, as shown in example (2a). Meanwhile VO and N-Rel co-occurs in 416 languages, including English in example (2b).

1. a.wo renshi dai maozi de shushu.

I know wear a hat aux uncle

b.I know this uncle who wears a hat.

Examples (2a) and (2b) mean the same. The word order of the Chinese relative clause in the sentence a is “verb + noun + de + antecedent,” where de is the marker of the Chinese relative clause, which is in front of the antecedent. In the sentence b, the word order is “antecedent +who+ verb + noun,” where “who” is the marker of the English relative clause, which is placed after the antecedent.

According to the principle of morpheme order, when Chinese and English code-switching occurs in the relative clause with only one embedded word, the sentence order should be consistent with the matrix language. Therefore, if the matrix language is English with an embedded Chinese relative clause, the word order of the Chinese clause should be the same as in English, with the clause coming after the antecedent. As is shown in example (3).

1. a.I knew this uncle who wore maozi (hat).

b. *I knew this wore maozi (hat) de (aux) uncle.

Example (3a) and (3b) are two sentences that includes English-Chinese code-switching, where English is the matrix language, and Chinese is the embedded language. The correct word order should be the one in English (3a). Whereas sentence (3b) has a Chinese noun in the relative clause with the Chinese word order, and is not in conformity with the matrix language which may produce cost in processing. The difference between the two sentences (3a and b) is only in the direction of the antecedent movement. The direction of sentence (3a) is the same as that of the English relative clause, which has moved from the base generation position (in front of wear) to the left before WHO, while the direction of the sentence (3b) is the same as that of the Chinese relative clause (Myers-Scotton and Jake, 2009). At the same time, the movement distances in both CS sentences (3a and 3b) are the same, and there is no need to cross other components (see Figure 1). Therefore, when the direction of movement affects the code-switching costs, it suggests that the cost may come from the sentence processing stage.
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FIGURE 1
 Tree structures of CS relative clauses.




1.4. The present study

Previous research has examined the lexical-level costs of code-switching. Some theories and empirical research also provide evidence that syntactic processing may be a source of costs associated with code-switching. However, very few, if any, studies have directly looked at the costs at the syntactic level. The current study thus aims to examine whether costs are from switching in syntactic processing.

The current study conducts two experiments with self-paced reading and acceptability judgment tasks to see if the correspondence of the matrix language to movement directions affects code-switching costs. The results indicate that costs may or may not be elicited during syntactic processing.

Several factors, such as domestic languages, matrix languages, and tasks, have an impact on the costs (Chang et al., 2017). Therefore, Chinese-English and English-Chinese bilinguals, as well as code-switching from two directions (English to Chinese or the other way round), are all included in this study. Additionally, it employs offline and online tasks. We predict that costs will be present in a number of situations, demonstrating syntactic processing as a source of code-switching costs.




2. Experiment 1: code-switching on the relative clauses in the object position


2.1. Design

Experiment 1 is a 2 × 2 two-factor repeated measurement design. The first independent variable is word order, a within-subject design with two levels: Chinese and English order. The second independent variable is the matrix languages, a within-subject design with two levels: Chinese and English. The dependent variable is the acceptability in Acceptability judgment task (shortened as AJT) and RT in self-paced reading.



2.2. Participants

Twenty-six Chinese-English (Chinese native English learners, shortened as Ch-En) bilinguals participated in self-paced reading and acceptability judgment tasks. They are mainly undergraduates in Beijing with an age range of 18–30. The English proficiencies of participants are upper intermediate (self-rated score 6.26/10). The Wilcoxon signed rank test showed a significant difference between the Chinese-English self-assessment, p < 0.001.

After the experiment, each participant received 30 yuan, and an additional 15 yuan as a reward when the accuracy was over 95%. The study was approved by the School of Chinese as a Second Language, Peking University.



2.3. Materials

Thirty-two Chinese sentences containing object-position relative clauses, as well as their English translations, are the original materials in the study, seen in Supplementary material. Some expressions are modified in the non-interest region of English sentences. The acceptability of sentences and the word frequencies of corresponding Chinese and English components in relative clauses are controlled.

This study only switches one noun in each relative clause and does not constitute any island to satisfy the Morpheme Order Principle. Additionally, to make subjects activate both languages before the relative clause, the determiner in the antecedent DP is switched. And to prevent the participants from guessing the purpose, parts of the following sentence are also switched. Finally, the word orders of both Chinese as matrix language, English as embedded one (Ch-En) and En-Ch relative clauses are switched to the embedded-language word orders or kept as the original ones to make up all four conditions in the experiment. Each group of sentences has one comprehension question, and the language of comprehension questions is consistent with the matrix language of the experimental sentences. Table 1 is the examples, and all Chinese words are Chinese characters (but Pinyin here for easy access).



TABLE 1 Examples of materials in Ex1.
[image: Table1]

Experimental materials form four groups, with 32 sentences in each group and eight in each type. Each participant could only see one sentence in a group. At the same time, participants also read 64 filler sentences with comprehension questions. 96 sentences are presented pseudo-randomly to ensure that three experimental sentences do not appear in a row.



2.4. Procedure

Before the experiment, the participants completed the Chinese and English proficiency tests and get familiar with the word list of the experimental sentences.

OpenSesame V3.3.5 is used to present the program and record the data for the self-paced reading. The instruction is presented first, and then the practice session. The experimental sentence is presented in the non-cumulative form of a moving window. The first word is presented while other words are presented as “x” (each English word is replaced by an x. Each Chinese character uses two x instead), and then the word is presented by pressing the space bar. At the same time, the previous one disappears. After the whole sentence is presented, the reading comprehension question will appear on the next screen after a press. The participants press “Z” or “/” to represent “yes” or “no” to answer the questions. The illustration is in Figure 2.

[image: Figure 2]

FIGURE 2
 The illustration of the experiments.


After the online experiment, the participants complete the acceptability judgment of the experimental sentences and fillers (seven-point scale). Each participant judges 96 new sentences.



2.5. Data analysis

The correct rate of reading comprehension tasks is 95.99% (SD = 2.10%). For the reaction time, we first delete incorrect reactions and remove outliers.

SPSS 20.0 and R 3.6.3 are used for data statistics: SPSS 20.0 is used for descriptive statistical analysis, paired t-test, and repeated measurement test. The POLR function in the MASS package in R is used to conduct logistics analysis on the acceptability judgment data. And the LME4 package (Bates et al., 2015) does linear mixed-effect model analysis on the experimental data. In the mixed effects model analysis by R, logarithms reaction time is used.



2.6. Results


2.6.1. Acceptability judgment task

The descriptive statistical results are shown in Table 2. Repeated measurement variance analysis by the subject shows that the main effect of the matrix language is not significant, and the main effect of consistency is near significant [F1(1, 25) = 4.123, p = 0.053, η2 = 0.142, β = 0.497]. The interaction is significant, F1(1, 25) = 4.306, p = 0.048, η2 = 0.147, β = 0.514. The results of simple effect analysis show that when Chinese is the matrix language, there are significant differences between the consistent and inconsistent groups [p = 0.005, CI [0.078, 0.384], η2 = 0.279, β = 0.848]. When English is the matrix language, there is no significant difference in main effects and interaction effects. Repeated measurement variance analysis by item also finds a near significant main effect of consistency. The results show that consistency influences native speakers’ acceptability of code-switching sentences.



TABLE 2 descriptive statistics results of Ex 1.
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2.6.2. Self-paced reading

Descriptive statistics results from each region of interest are shown in Table 3. The results of linear mixed model analysis are in Supplementary material.



TABLE 3 Descriptive results of reaction time in Ex 1 (ms, and SD in brackets).
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In the antecedent D (zhege/this) region, the linear mixed model analysis shows that the main effect of matrix language is significant, the main effect of consistency and the interaction are not significant.

In order to examine the individual effects of the matrix and native languages, a simple effect analysis is performed, even in cases where the interaction is not found to be significant. The results of the simple effect analysis show no significant difference between the consistent and inconsistent groups when Chinese and English are the matrix language, respectively.

In the verb (dai/wears) region, the linear mixed model analysis shows that the main effect of subject language is significant, the main effect of consistency is not significant, and the interaction between the two is not significant. The results of the simple effect analysis show no significant difference between the consistent and inconsistent groups when Chinese and English are the matrix language, respectively.

In the switched “inner N” (glasses/yanjing) region, the linear mixed model analysis shows that the main effect of matrix language is significant, the main effect of consistency is not significant, and the interaction between the two is significant. The results of simple effect analysis show that when Chinese is the matrix language, there is no significant difference between the consistent and inconsistent groups. When English is the matrix language, there is a significant difference between the consistent and inconsistent groups [t(662) = 2.837, p = 0.005].

In the “outer N” (shushu/gentleman) region, the results of linear mixed model analysis show that the main effect of matrix language is significant, the main effect of consistency is near significant, and the interaction between the two is significant. The results of simple effect analysis show that when Chinese is the matrix language, there is a nearly significant difference between the consistent and inconsistent groups [t(636) = 1.710, p = 0.088]. When English is the matrix language, there is no significant difference between the consistent and inconsistent groups.




2.7. Discussion

The findings demonstrate that the code-switching cost is significantly influenced by whether the relative clause word order is consistent with the matrix language. AJT results show that when the relative clause word order is consistent with the matrix language, bilinguals are more likely to accept the switching sentences. In other case, when the matrix language is Chinese, Ch-En bilinguals are more sensitive to it. Self-paced reading provides more details on time course: the main effect of consistency and the interaction between consistency and matrix languages appear in the outer N period. The interaction also appears in the switched inner N area. Last but not least, Ch-En bilinguals performed differently when the matrix languages are different.

The cost of inconsistency, found in both the acceptable judgment task and the self-paced reading task, indicates that the word order of the relative clause affects CS cost. From this, we can infer that the cost comes from the word-order processing of relative clauses at the sentence-processing stage. Chinese and English declarative sentences have the same SVO word order, but the orders of the relative clause are not consistent. The movement directions of the Chinese and English relative clauses are not the same. During the movement, Chinese goes to the right while English to the left, which is the main difference between Chinese and English relative clauses (Xiong, 2005). In Experiment 1, code-switching costs occur in the Noun-movement where the opposite moving need to be processed. The results also show that the Noun-movement is one of the code-switching cost sources.

In Experiment 1, some results do not follow the expectations: in the “inner N” region, when English is the matrix language, and in the “outer N” and “V” region, when Chinese is the matrix language, the inconsistent condition processes faster. These phenomena may be due to the unclear definition of the matrix languages or the sentence ending effect.

First, there are many possibilities for the matrix languages of relative clauses. The definition of the matrix language of a clause is controversial, which may be the language of the main clause or the language used by the core component of the clause. At present, the research on code-switching has not provided a certain confirmation method to define the matrix language of subordinate clauses (Myers-Scotton, 1993). In this study, the content words in the core are consistent with the matrix language, and thus we define the language of the main clause as the matrix language of the relative clause. For example, in “Wo renshi (I know) this zongshi (always) dai (wear) glasses de (aux) shushu (gentleman), ta shi wobaba de (he is my father’s) friend”(Chinese in italics, and translation in brackets), the language of the main clause “wo renshi (I know)” and the content word “shushu (gentleman)” are Chinese, so the matrix language is Chinese, and the word order of the clause should follow the Chinese.

However, there are other possibilities for the matrix language of relative clauses. One is the language of the antecedent’s determiner. The core component of the relative clause is DP, that is, “this” in the sentences. To enable the participants to activate both languages before entering the relative clause, “this (zhege)” is switched in this study, which may lead to the change of the matrix language, resulting in costs contrary to the prediction. This possibility could explain some of the non-conformity, but not all. Experiment 2 clarifies the matrix language by changing the switching position in the main sentence.

Another possibility for the matrix language is the mother tongue of the bilinguals. Previous studies have proven that proficiencies affect cognitive control abilities and code-switching costs (Meuter and Allport, 1999; Costa and Santesteban, 2004; Zhang and Cui, 2008; Linck et al., 2012). Therefore, Chinese-English bilinguals have higher rate of activation of their mother tongue with the dominant word order from Chinese. The inconsistency condition (Chinese order) processes faster when English is the matrix language. This possibility is also limited as it cannot explain the processing advantage of the inconsistency condition when Chinese is the dominant language. To solve this problem, Experiment 2 includes both English and Chinese bilinguals.

The phenomenon may also relate to the sentence-ending effect. In this experiment, the relative clause is at the end of the first clause. Although the participants know the sentence does not end after the relative clauses, they are still likely to have a long pause when reading punctuation marks, showing the sentence-ending effect (Ni et al., 1998; Chang et al., 2009). Moreover, by the end of the sentence, bilinguals, acquiring enough information, may start to integrate information causing the reactions to delay. The sentence ending effect can explain parts of inconsistent advantages. However, it cannot explain the inconsistent advantage in the V region or the performance of the “outer N” when Chinese is the matrix language and “inner N” when English is the matrix. In addition, previous studies have found that punctuation processing tends to trigger skip reading and shortened fixation time (Wang et al., 2018). This facilitating effect is inconsistent with the sentence ending effect found in this study. In view of this possibility, the positions of relative clauses change in Experiment 2, to eliminate the possible influence of punctuation or sentence-ending effect.




3. Experiment 2: code-switching on the relative clauses in the subject position

To further examine the costs from syntactic processing, we design experiment 2 for Chinese-English and English-Chinese (shortened as En-Ch) bilinguals to eliminate the effects of matrix languages and sentence structures with updated materials.


3.1. Design

This experiment is a 2 × 2 × 2 three-factor repeated measurement design. The first independent variable is word order, a within-subject design with two levels: Chinese and English. The second independent variable is the matrix language, a within-subject design with two levels: Chinese and English too. The third variable is the language background, a between-subject design with two levels: Chinese-English and English-Chinese bilinguals. The dependent variable is acceptability in AJT and RT in self-paced reading.



3.2. Participants

Twenty-one Chinese-English and 16 English-Chinese bilinguals (shortened as En-Ch) participated in self-paced reading and acceptability judgment tasks. Ch-En bilinguals are students in Beijing and they participated in the experiment in the lab. En-Ch bilinguals were recruited online with an age range of 18–35. They conducted the experiments remotely under experimenter’s supervision by Tencent Meeting.

These bilinguals are upper-intermediate learners of Chinese or English. The differences within the in-group regarding bilingual proficiencies are significant. After the experiment, each participant receives 30 yuan, and an additional 15 yuan as a reward when the accuracy is over 95%.



3.3. Materials

We revised the sentences in Experiment 1. First, the main clauses are extended to “I heard from XX (name) that.” Second, the relative clauses move to the subject position of the indirect speech, e.g., “I heard from my father that the uncle always wears glasses ….” Finally, the predicate is added directly without punctuations, such as “plans to come to my house and have dinner next week “. The whole sentence is “I heard from my father that the gentleman who always wears glasses plans to come to my house and have dinner next week” (The italics are relative clauses and their antecedents, including the four areas of interest in this experiment). All sentences without switching are in Supplementary material.

Thirty-two Chinese sentences containing object-position relative clauses are the original materials in the study, as well as their English translations. Then we make switching materials with the same steps in Experiment 1. Table 4 is the examples for the materials in Experiment 2.



TABLE 4 Examples of materials in Ex 2.
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3.4. Procedure and data analysis

The procedure and data analysis are the same as in Experiment 1. The average correct rate of reading comprehension tasks is 95.54% (SD = 2.10%).



3.5. Results


3.5.1. Acceptability judgment task

The descriptive statistical results are in Table 5. For Ch-En bilinguals, the logistic regression model for ordered variables analysis shows that the main effect of the matrix language is not significant; The main effect of consistency is significant (β = 1.503, t = 7.562, p < 0.001, OR value 4.494). The interaction is significant (β = −1.021, t = 7.562, p < 0.001, OR value 4.494). The results of simple effect analysis show that when Chinese is the matrix language, there are significant differences between the consistent and inconsistent groups (Z = 7.562, p < 0.001). When English is the matrix language, there are also significant differences between the consistent and inconsistent groups (Z = 2.441, p = 0.015). Ch-En bilinguals are sensitive to the relative clauses’ word orders.



TABLE 5 Descriptive statistics results of Ex 2 (ms, SD in blankets).
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For En-Ch bilinguals, the logistic regression model for ordered variables analysis finds no significant effect of the matrix language, consistency, or interaction. En-Ch bilinguals exhibit a lack of responsiveness to the relative clause word order’s conformity to the matrix language.



3.5.2. Self-paced reading

Descriptive statistics results of each region of interest are shown in Table 6. The results of linear mixed model analysis are in Supplementary material.



TABLE 6 Descriptive results of reaction time in Ex 2.
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In the antecedent D (zhege/this) region, the linear mixed model analysis shows that the interaction between matrix language and consistency is near significant. But all main effects and other interaction effects are not significant. The results indicate the validity of the experiment and analysis.

In the verb V (dai/wears) region, the linear mixed model analysis shows that the main effects of matrix language and the interaction between matrix languages and background are significant. The matrix language and background influence bilinguals’ code-switching processing.

In the noun “inner N” (glasses/yanjing) region, the linear mixed model analysis shows no significant effect. For Ch-En and En-Ch bilinguals respectively, but there are significant differences when English is the matrix language.

In the noun “outer N” (shushu/gentleman) region, the results of linear mixed model analysis show that the main effect of consistency is nearly significant, and the interaction between the matrix languages and consistency is significant. For Ch-En bilinguals, the main effect of matrix language, consistency, and their interaction are significant. When Chinese is the matrix language, the effect of consistency is significant. But for En-Ch bilinguals, only the effect of matrix language is found.

For the whole relative clauses region, significance is found in the main effect of the matrix languages and the interaction between the matrix languages and background. For En-Ch bilinguals, the interaction between consistency and matrix language is significant, and the consistency effect is significant when English is the matrix language.

Bootstrap paired sample t-tests are conducted with a sample size of 10,000 to analyze the data of Chinese-English bilinguals under the condition of consistency and inconsistency. The results show that in the “V” and “outer N” regions, the consistency effect in Chinese is nearly significant by subject analysis. In the “inner N” region, the consistency effect is significant when English is the matrix language.




3.6. Discussion

Experiment 2 improves the materials and resolves remaining problems in Experiment 1. Overall, the findings are in line with the theoretical hypothesis.

Some conjectures from Ex1 are verified. First, Experiment 2 provides a clear definition of matrix language. The main clause’s objects are the first portions of the sentences to switch, which are independent from the relative clause and have no bearing on the relative clause’s choice of matrix language. Experiment 2 increases the number of components additionally in the section prior to the RC from 3 to 5, which makes the matrix language exactly the one used in the main clause. The findings demonstrate that when English is the matrix language, condition with no inconsistency has an advantage. Additionally, the matrix language, not the linguistic background, has a large impact on the outer N and V areas. With the results of Experiment 1, we conclude that the matrix language of a relative clause may be determined by the language used by the core component and antecedent DP (the/this/that), not the mother tongues of bilinguals.

Second, Experiment 2 excludes the sentence ending effect caused by punctuation. In Experiment 2, the relative clause serves as the indirect speech’s subject and is followed by a predicate component without punctuation. The results of Experiment 2 did not find the ending effect of pauses in the relative clause, indicating that punctuation may bring the end effect. This result goes against the earlier findings (Wang et al., 2018). However, due to the lack of other relevant evidence on punctuation processing, the role of punctuation in language processing needs to be further investigated.

The modified experiment illuminates the role of consistency. The consistency effect in AJT is significant. In self-paced reading, the Chinese-English and English-Chinese bilinguals exhibit significant consistency effects in some areas. It demonstrates how the matrix language and word order have an impact on code-switching costs. In this study, the word order of relative clauses—basically the direction of movement—is manipulated. Nouns should be relativized to the right when Chinese is the matrix language and to the left when English is the matrix language. Movement is an operation in the syntax formulator. We can conclude that code-switching in the syntax formulator results in costs as we discover the cost of movement processing.

Experiment 2 finds the code-switching costs have different patterns when matrix languages, language proficiencies and tasks are diversified. When English is the matrix language, Ch-En and En-Ch process more quickly in the inner N (glasses) region. But when Chinese is the matrix language, there are no effects. When processing relative clauses including code-switching, bilinguals need to process code-switching and relationalization together, which requires high consumption. The inner N is the last word in relative clauses when English is the matrix language. Bilinguals can quickly process relative clauses after processing this word. They are intelligent enough to notice the contradiction as a result. However, when Chinese is the matrix language, inner N is in the middle. Bilinguals need to get more input to conduct movement and processing RC. Therefore, they are insensitive to the inconsistency. The proficiency of matrix languages is also important. Bilinguals have different control capacities over two languages during complex processing (Schilling et al., 2014). The fact that bilinguals who are En-Ch have consistency effect when English is the matrix language is the clue.

The offline AJT shows significant effects, especially when Chinese is the matrix language. In the online self-paced reading task, the consistency effect sizes are small. The results are different from Ex1. These phenomena may be due to task and structure difficulties. In experiment 2, we moved the relative clause from the object position to the subject. Previous studies have shown that for children and second language speakers, the subject relative clause in the subject position is the easiest (Ma, 2012; Feng and Wang, 2013). Structural difficulty reduction helps bilinguals to process inconsistencies in online tasks, while they could find inconsistencies easily in offline tasks. The structural difficulty affects the generation of code-switching costs (Tarłowski et al., 2013; Zeller, 2020). If bilinguals have enough cognition resources to analyze the syntactic structure in AJT, they can fully invoke explicit knowledge to make judgments and are more sensitive to consistency differences. Especially when the matrix language is the mother tongue of bilinguals, they make decisions quicker and more accurate.

There is a finding that our prediction cannot explain: When Chinese is the matrix language, Ch-En’s RT to the consistent condition is slower in “outer N (uncle).” This phenomenon may be related to the unique relative clauses to Chinese. In most languages, with SVO as the basic word order and noun-relative clause order, the core components are in the front of the RC. However, Chinese is an SVO language with a postpositional antecedent, with core components on different positions between the main sentence and relative clauses. Chinese native speakers can accept two word-orders. When Chinese and English are activated, Ch-En bilinguals activate Chinese and English basic word order with a prepositive core component, English and Chinese RC order. In real-time language processing system, the order of the prepositive core component may have an advantage. It may be why they can better understand the relative clause with the prepositive core component. However, this supposition lacks evidence. The reason why Ch-En bilinguals have fast processing in the condition of inconsistent “outer N (uncle)” position needs to be investigated.




4. General discussion

Experiments 1 and 2 investigate the Chinese-English code-switching costs in syntax processing by manipulating the relative clause word orders. The results show that costs are from the processing of movement, which indicates the syntax process is one of the sources of code-switching costs. Also, the experiments also show evidence of RC’s processing mechanism.


4.1. The source of code-switching costs in syntax processing

This study uses two experiments to examine the code-switching costs in syntax processing. The results show that when relative clause word order is inconsistent with the matrix language, code-switching produces more costs with slower processing. As the order processing is at the stage of the syntactic operation, this stage is the source of code-switching costs. This result conforms to the prediction of the Morpheme-Order Principle in the Matrix Language Framework, Uniform Structure Principle, and Differential Access Hypothesis (Myers-Scotton and Jake, 2009).

According to the Uniform Structure Principle, code-switching should keep in consistency with the matrix language generally. The Different Access Hypothesis holds that different morphemes have different switching mechanisms: The bridging late system morphemes, external late system morphemes, and other syntax structures are prominent in the syntactic generator. Morphemes salient in different portions have different difficulty degrees in code-switching: the morphemes generated in the mental lexicon can switch automatically, while the morphemes and other operators in the syntactic generation cannot switch, and understanding these switching structures is difficult with extra cognition resources. Therefore, code-switching in the process of movement is unnatural and labeled, requiring additional cognitive resources and resulting in consumption. That is to say, the code-switching cost will occur on the processing of switched syntax structures. The results of these experiments confirm the hypothesis and show that the syntax process is one of the sources of code-switching costs, which is in line with the predictions of the Matrix Language Framework Model (Myers-Scotton, 1993).

The component realized in syntactic generators is less code-switched. According to definition of external late system morphemes of Myers-Scotton (2002), there are no such morphemes in Chinese or English. Given that the one function of late system morphemes is to construct sentences, this study aims to examine the associated costs by selecting the word order of the relative clause as a means of testing the effects of switching which involves movement in sentence completion. The Morpheme Order Principle also suggests that the word order of the embedded language should be consistent with that of the matrix language. The result from this study, the switching on relative clauses producing cost, shows that the sentence completing stage is the source of cost. This result conforms to the prediction of the Morpheme Order Principle in Matrix Language Framework as well as the Unified Structure Principle and Different Access Hypotheses (Myers-Scotton and Jake, 2009) and reflects the process of sentence-level code-switching.

However, the results in these two experiments are not consistent, indicating some factors influencing the production of costs. Matrix languages and the difficulty of the task could be two major determining factors. First, CS costs are influenced by the matrix language’s proficiency. When the matrix languages change, bilinguals between Chinese and English show varying effect sizes in various regions. Bilinguals have different control abilities when processing languages because their language proficiency is different (Schilling et al., 2014). Participants in this study process language, code-switching, and movement together. Native speakers of matrix languages are better at processing language and movement. That is why Chinese native speakers exhibit a sensitive perception of consistency differences when Chinese is the matrix language. Also, the costs are impacted by the complexity of the task. When the structure is simple (Ex1), bilinguals have enough cognitive resources to process the switching quickly online. However, bilinguals hardly understand sentences automatically when dealing with a more complicated relative clause nested inside the indirect speech clause (Ex2). Therefore, they may ignore the inconsistency during online processing. When they have enough time to think about linguistic structure and the built-in grammar of code-switching, they notice inconsistency and make better decisions offline.



4.2. The mechanism of relative clauses processing

Researchers have proposed different theoretical models to explain the generation of relative clauses, among which the Relativized Minimality Theory and the Dependency Locality Theory are the two most widely discussed (Zhang, 2015; Hu et al., 2016). Many empirical studies on relative clauses provide evidence for these two theories. This study provides evidence from Chinese-English bilinguals and supports Dependency Locality Theory.

The word orders of relative clauses are manipulated in two experiments. In the sentences, the words “always” “wear” “yanjing (glasses)” and “gentleman” are used to make relative clauses “gentleman who always wears yanjing (glasses)” and “always wears yanjing (glasses) de (aux) gentleman” respectively in the Chinese or English relative clause word order. During statistics, we draw the processing diagram according to the underlying structure order and the time course, respectively (see Figure 3).

[image: Figure 3]

FIGURE 3
 Processing diagram of relative clause (The two graphs above are in the order of the underlying structure. The two graphs below are in the order of time course).


Based on the underlying structure (the figures above), the response patterns of relative clauses are relatively consistent. Although the sentences from the two conditions are not the same in the linear with different movement directions, the corresponding components have similar processing trends. However, based on the surface structures order (the figures below), the reaction patterns of relative clauses are generally different. It can be inferred that the time course may not be the most important point for the processing. The overall trend is that the processing of switched inner N (glasses) becomes slower, reflecting the code-switching cost. At the same time, the patterns may also be related to the matrix language. We also control the frequency of words corresponding to the same position, which eliminated the influence of vocabulary and language differences to a certain extent.

According to the patterns in the Experiments, we find out that the process of the relative clause may be more related to the underlying structure rather than to the surface time course. Though the experiments use self-paced reading in which the participants read word by word according to the time course, the results show a more consistent underlying reading pattern, indicating that when understanding relative clauses, bilinguals tend to use the underlying structure. Reading comprehension starts from the underlying grammatical structure (Peng, 1991). It also indicates that noun movements are in the processing of relative clauses. This study supports that the underlying structure plays a role in relative clause processing, consistent with the predictions of the Dependency Locality Theory (Rizzi, 1990). These experiments also prove the rationales for the direct comparisons of corresponding components (Inner-n, Outer-n, V) during data analysis.




5. Conclusion

This study uses relative clause order as a maker to look at the code-switching cost in syntactic processing. The findings imply that matrix language should be consistent with the relative clause order. If not, the understanding of code-switching produces cost. The syntactic operation, which includes word order processing and movement, is one of the sources of code-switching costs. Our finding is consistent with the predictions of the Morpheme-Order Principle in the Matrix Language Framework, the Uniform Structure Principle, and the Differential Access Hypothesis (Myers-Scotton and Jake, 2009).

Experiment 2 is a modification of Experiment 1. Comparing the two, we believe that the matrix language is mainly decided by the core component of the clause, rather than the learner’s mother tongue. In addition, Experiment 2 also eliminated the sentence end effect. Previous studies on sentence end effects often focus on the end of the sentences, rather than the punctuation in the middle. The results of this experiment also suggest that researchers need to pay more attention to the processing of punctuation.

The processing patterns in the Experiments show that Chinese and English bilinguals rely on the underlying structure when understanding relative clauses. Even when reading relative clauses word by word, bilinguals tended to process the relative clauses from the bottom-up pattern. The finding of this pattern provides bilingual evidence for the Dependency Locality Theory. Furthermore, the experiments also indicate that the subjects’ language proficiency, as well as the complexity of the structures and tasks involved, may affect the understanding of code-switching.

This study investigates code-switching on the syntactic level, which gives new evidence on the source of code-switching costs. At the same time, this study provides new clues for several theoretical questions, such as the definition of matrix language in clauses, and the mechanism of relative clause processing from a bilingual perspective. Finally, this study finds several linguistic factors may have influence on code-switching costs. Some of them are with less concern before.

This work presented several limitations. First, there are not enough participants, particularly En-Cn bilinguals. The majority of them carried out the experiments online, where there may have been more disturbance than in the lab. Second, because only Chinese and English were used to test the source in this study, the findings need to be verified in more language conditions. Therefore, further investigation is needed to examine the conclusion with more languages and grammatical structures.

In conclusion, this study investigates code-switching at the syntactic level and provides fresh evidence regarding the origin of code-switching costs. In addition, this study offers new insights into some theoretical issues, including how relative clauses are processed from a bilingual perspective and the definition of matrix language in clauses. Finally, this study discovers that some linguistic variables may affect code-switching costs. Some of them showed less concern before.
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For culturally and linguistically diverse children, early second language (L2) development is important for school achievement and social inclusion. These children face challenges in acquiring L2, especially in Hong Kong, where the dominant Chinese language contrasts strongly with their home languages. Studies that compared the language abilities of first language (L1) and L2 students in English-speaking contexts have reported young L2 learners’ disadvantage in using the dominant language in oral language and comprehension at school entry. The findings raise the question of whether L2 learners who fall behind their L1 peers in language abilities will be further disadvantaged, showing a weaker development gradient. This study used the Chinese Character Acquisition Assessment (CCAA) to compare character acquisition of 491 L2 children aged from 3 to 6 years against that of 240 of their L1 peers from Hong Kong kindergartens. The CCAA is comprised of six subtests and assesses children’s abilities to make associations among character written form (orthography), sound, and meaning. Results showed that L2 learners had greater development in meaning and sound associations across class levels, implying that they may first develop oral language related abilities. In addition, results indicate that diverging gaps between L1 and L2 learners’ Chinese character acquisition existed across class levels for the associations involving written character form, but not in regard to associations between character meaning and sound. This study highlights the Chinese learning needs of L2 preschoolers and provides understanding of their abilities in mapping among character written forms, sounds, and meanings. The findings suggest the importance of supporting L2 children’s oral language at earlier stages of Chinese learning, and the need to provide instructional support to compensate for their relative weakness in literacy at school entry.

KEYWORDS
Chinese character acquisition, second language (L2), Chinese as a second language (CSL), Chinese character acquisition assessment, culturally and linguistically diverse children, second language acquisition, preschool, early childhood development


1. Introduction

Amid growing international mobility, it is increasingly necessary to understand second language (L2) acquisition of culturally and linguistically diverse children to promote their academic achievement and social integration. In Hong Kong, where Cantonese is spoken by 93.7% of the local population, the ethnic minority population has risen steadily in the past two decades, making up 8.4% of the population (Hong Kong Census and Statistics Department, 2022). Currently, more than half of the local kindergartens have admitted non-native Chinese speaking students (Hong Kong Legislative Council, 2021). These L2 Chinese learners mainly comprise of South Asians and Southeast Asians, including Pakistanis, Nepalese, Filipinos, and Indians, whose home languages include Urdu, Nepali, Hindi, and English. Research reports have documented that South Asians encounter tremendous challenges in acquiring the Chinese language, and the language barriers have limited their educational and career opportunities (e.g., Equal Opportunities Commission, 2012; Bhowmik and Kennedy, 2016). In addition, South Asian households with children experience a higher poverty rate (30.8%) than the local population’s average (15.2%) (Research Office of the Hong Kong Legislative Council Secretariat, 2017). The Hong Kong Special Administrative Region government prioritizes L2 students’ early Chinese learning as a pathway to adaptation to the Hong Kong education system and social integration (Hong Kong Legislative Council, 2012; Curriculum Development Council, 2017).

Many studies have compared the language abilities of L1 students with their L2 counterparts in school-age populations in contexts speaking English and other alphabetic languages. However, very few efforts have been made to provide empirical evidence on these L2 children’s Chinese language development systematically. In reviews of studies on Chinese as second language or foreign language (e.g., Ma et al., 2017; Chan et al., 2022), it has often been raised that the majority of studies are conducted based on school-aged or adult populations, and very few provided understanding on L2 preschoolers’ Chinese-language proficiency. To contribute to such understanding, this study explores L2 preschoolers’ Chinese character acquisition with reference to L1 Chinese preschoolers in Hong Kong.


1.1. Early language skills of first- and second-language children

In studies of young children in English-speaking contexts, as compared to their first language (L1) counterparts, L2 English learners have been found to have weaker receptive vocabulary (Bialystok et al., 2010; Yesil-Dagli, 2011; Jackson et al., 2014), expressive vocabulary (Limbos and Geva, 2001; Geva and Yaghoub Zadeh, 2006), reading comprehension (Droop and Verhoeven, 2003), and listening comprehension (McKendry and Murphy, 2011). Dutch L2 learners also have smaller vocabulary size than their L1 peers (Verhoeven, 2000). England’s large-scale National Pupil Database likewise reveals that among 5-year-olds at the end of reception year, considerably fewer L2 learners than L1 learners demonstrated good developmental reading levels (Strand et al., 2015). When it comes to English letter recognition, however, L2 learners at the same age were able to perform similarly to their L1 peers (Chiappe et al., 2002) or even better than them (Lipka and Siegel, 2007). L2 and L1 learners also do not appear to differ significantly in their ability to read words (e.g., Verhoeven, 2000; Limbos and Geva, 2001; Chiappe et al., 2002) or spell them (for review, see Lesaux et al., 2006), though Grade Two L2 English learners have been found to read isolated words and letters faster than their L1 counterparts (Geva and Yaghoub Zadeh, 2006). These comparative studies have shown that young L2 learners’ disadvantage in using the dominant language lies in oral language and comprehension, rather than in word-decoding or spelling abilities.

This raises the question of whether L2 learners who fall behind their L1 peers in certain language abilities will be further disadvantaged, showing a weaker developmental gradient. Empirical studies show various patterns. Supporting the possibility of divergence between these two groups over time, Verhoeven (2000) found that L1–L2 gaps in Dutch vocabulary and reading widened between first and second grade; and when Appel and Vermeer (1998) reviewed several Dutch studies conducted in primary schools, they found a diverging trajectory in vocabulary, even between L2 learners and low-income L1 learners. This is in line with Stanovich’s (1986) Matthew Effect on reading and vocabulary, named after a verse in the biblical Book of Matthew that notes that the rich get richer, while the poor get poorer. It thus seems reasonable to speculate that L2 learners’ initial vocabulary delay may put them at ever-higher risk of literacy and school-achievement disadvantages with schooling.

However, other studies have identified narrowing gaps, but this often occurred in higher grades. For instance, convergence in English reading achievement among U.S. Hispanic and White children has been observed from kindergarten to fifth grade (Reardon and Galindo, 2009) and from fifth grade to eighth grade (Kieffer, 2012). This narrowing pattern was also found in national datasets covering the same nine grades (Halle et al., 2012). England’s National Pupil Database also investigated the differences between L1 and L2 English learners as of 2013, and concluded that the overall reading gap was smaller among 16-year-olds than among 5-year-olds (Strand et al., 2015). Though that comparison was based on the percentages of students attaining an expected level, rather than actual performances, the balance of evidence suggests that L2 learners are more able to develop certain capabilities over time, even though they still rank behind their L1 peers in absolute terms. Nevertheless, there is some evidence that English L2 learners under age 10 are able to catch up with their L1 peers on specific language measures, including decoding, spelling (Lesaux et al., 2006), word reading, word-reading fluency, and phonological processing (Lipka and Siegel, 2007). Similarly, Geva and Yaghoub Zadeh (2006) reported that L1 and L2 English-learners’ reading skills were not significantly different by Grade Two. Whether individual L2 children became proficient in the target language at a young age also affected whether they could catch up later, not only in reading itself but in other subjects (e.g., mathematics; Halle et al., 2012). English L2 learners have even been found to surpass their L1 peers in spelling after just a few years of schooling (Lipka and Siegel, 2007).

It cannot be concluded, based on the above-cited inconsistent findings of studies involving different ages of schoolchildren and various school contexts, whether L2 learners’ relatively delayed language acquisition is exaggerated or reduced by education in the early years. Thus, it would appear worthwhile to extend these explorations to include the early acquisition of non-alphabetic languages such as Chinese.



1.2. Theoretical framework underlying Chinese word reading and character acquisition

In fact, our understanding of learning to read languages is largely based on studies of alphabetic languages, especially in English (Perfetti et al., 2013; Share, 2021). As research on reading Chinese and other non-alphabetic scripts emerges, there has been increased interest in examining language learning processes across scripts that are different in their correspondence between orthography and phonology (Perfetti et al., 2005; Share, 2021). Although English is considered an opaque script because of its irregularity over transparent alphabetic scripts like Finnish and German, readers can follow alphabetic principles to decode words based on the combination of letters. On the contrary, the Chinese script is morphosyllabic; and most characters map to a morpheme and syllable simultaneously. Chinese learners need to identify the visual information represented within each character, these include phonetic and semantic radicals, orthographical structure, and stroke positions. Research on L1 Chinese preschoolers suggests that unique skills are involved in Chinese character and word reading. According to McBride and Wang (2015), phonological sensitivity, rapid automatized naming, morphological awareness, and visual-orthographic abilities are the core cognitive abilities for Chinese learning and literacy. Studies collectively found that morphological awareness and orthographic knowledge predict later Chinese word reading (e.g., Tong et al., 2009; Lin et al., 2018). In particular, in studies that compared the contributions of multiple cognitive-linguistic skills, orthographical knowledge was found to be the strongest predictor (e.g., McBride-Chang and Ho, 2009; Yang et al., 2019). As studies of early Chinese learning suggest that the underlying abilities may be different as compared to alphabetic scripts owing to the characteristics of the Chinese writing system, understanding of Chinese language development is needed to expand our understanding of the processes that are language specific and universal.

The Lexical Constituency Model (Perfetti et al., 2005) provides a framework to understand word reading across scripts, including Chinese. According to the Lexical Constituency Model (Perfetti et al., 2005), word representations are comprised of three interrelated constituents, namely, orthography, phonology, and semantics. The identity of a word is specified at the value of its pronunciation, orthographic form, and meaning range. Successful word identification involves simultaneous retrieval of all three constituents, such that missing any of the values (pronunciation, orthographic form, or meaning range), including incomplete retrievals, would result in failing to word reading failures.

This understanding of word representation is consistent with theories that conceptualize Chinese character acquisition as mastering the relationships among character written form, sound, and meaning, the three constituents of Chinese characters (Ai, 1949; Tse and Zhu, 2001; Chan et al., 2020). To have acquired a Chinese character, one has to fulfill three conditions: First, when presented with the written form of the character, one is able to produce the sound and meaning of the character; second, when hearing the character sound, one is able to visualize the character form and understand the meaning; third, when having a meaning in mind, one is able to map to the correct character form and produce the sound (Ai, 1949; Tse and Zhu, 2001; Chan et al., 2020). This conceptualization aligns with the Lexical Constituency Model (Perfetti et al., 2005) in the way that semantic, phonological, and orthographic processes are involved in the process of character acquisition; but as McBride (2016) suggested, the processes of character and word reading greatly overlap, but do not constitute identical processes as they involve different skills.



1.3. Early language development of second language Chinese learners in Hong Kong

Preschool experiences have been identified as crucially important to L2 learners’ subsequent language acquisition (Hau, 2008; Li and Chuk, 2015), despite their generally low Chinese-language proficiency while in kindergartens in Hong Kong (Hong Kong Unison, 2012). We also know that school-level factors, such as the medium of instruction, relate to L2 Chinese preschoolers’ Chinese language proficiency (Tse et al., 2020). The Education Bureau of Hong Kong Special Administrative Region emphasizes the role of kindergartens in preparing children’s holistic development for formal schooling. Kindergarten education is offered in three class levels: nursery class (K1) for 3-year-olds, lower kindergarten (K2) for 4-year-olds, and upper kindergarten (K3) for 5-year-olds. The objectives of preschool education within language development include inculcating an interest in Chinese learning, a good communication attitude, and a foundation for language usage (Curriculum Development Council, 2017). Chinese character acquisition is fundamental to achieving these objectives and to language development more generally and is highly prioritized from preschool onward. Given the different metalinguistic skills underlying reading Chinese as compared to reading alphabetic languages, the non-native speakers may experience challenges in acquiring Chinese characters. Specifically, the Guide identified enunciation of character tones, vocabulary, and character recognition and writing as the typical challenges faced by non-native Chinese speaking children, who mostly speak alphabetic or alphasyllabic home languages. In addition, the standard written Chinese language does not map directly to the spoken language of Cantonese (the main spoken dialect in Hong Kong) as words and phrases are represented differently. The inconsistency across forms may pose additional challenges to L2 Chinese learners in Hong Kong.

There is some evidence that language skills related to character acquisition predict later literacy development in L2 Chinese learners. In studies of L2 Chinese children in grades four to six, radical awareness predicted their later character reading (Wong, 2017) and character recognition and orthographic knowledge predicted later reading comprehension (Wong, 2019). Orthographic awareness and morphological awareness are associated with character reading and spelling (Wong and Zhou, 2022). In addition, listening and reading comprehension skills predicted each other over 2 years (Wong, 2018). In one of the few studies comparing L1 and L2 Chinese learners, Hau (2008) found that L2 learners who were rated better in Chinese in first grade maintained this status through the end of third grade, indicating that early language skills predict later L2 proficiency to an extent. Nearly half of the L2 learners made greater gains in Chinese language than the average L1 learners in the same classes did from first to third grade, possibly implying a narrowing of the L1–L2 gap over those grades. However, around a fifth of the L2 learners continued to score well below the class average throughout the three grades. Intervention studies involving L1 and L2 Chinese children also suggest language development and acquisition processes may be different between the two groups. For example, in a study of second- and third-grade L1 and L2 learners, Wang et al. (2018) found commonalities and differences in the intervention effects on the students’ abilities to write Chinese characters: the copying condition was effective for both groups, but the radical knowledge approach only benefited the L1 Chinese group, and the phonological approach supported the L2 Chinese group.

Direct comparisons between L1 and L2 learners of Chinese are rare, even in studies that make claims about the latter’s Chinese-language proficiency. Thus, it is not yet possible to deduce whether these two groups’ proficiency levels are generally diverging, parallel, or narrowing across age. Identifying language abilities at the earliest stages can build a foundation for the understanding L2 learners’ long-term weaknesses and needs. It will also be useful to identify this group’s fundamental language abilities through systematic direct assessments, to complement the existing body of evidence based primarily on self-reports, teachers’ perceptions (e.g., Loper, 2004; Ku et al., 2005; Shum et al., 2011), school examination scores (e.g., Hau, 2008), or researcher-developed tests (e.g., Tsung et al., 2010).



1.4. The current study

It has often been reported in studies in English-speaking contexts that L2 learners lag behind their L1 peers in emergent language abilities. However, our understanding of L2 learners’ Chinese language skills is very limited, even though policies have been directed toward the need to promote these skills as early as possible. To characterize L2 Chinese learners and to identify effective approaches of teaching and learning, knowledge of their early language developmental trajectory is needed. Based on theories that are language-universal and specific to early Chinese character acquisition, comparisons of early language skills should include children’s knowledge of orthography, phonology, and semantics of Chinese characters. Do young L2 Chinese children in Hong Kong lag behind L1 children on their Chinese character acquisition? If these L2 children in Hong Kong are delayed at kindergarten entry, will the gap between the two groups of learners be further exaggerated (the Matthew effect), or will the gap be narrowed, with L2 children catching up with their peers as suggested in some studies?

We aim to understand Chinese character acquisition in L2 children in Hong Kong; and to investigate how L2 children compare with L1 children in the 3 years of kindergarten education in terms of Chinese character acquisition in a cross-sectional study. The research questions are as follows: (1) What are the Chinese character acquisition abilities of L2 learners across the three kindergarten class levels (K1, K2, and K3) in Hong Kong? (2) Are there any differences in Chinese character acquisition abilities between L1 and L2 learners across K1, K2, and K3? If so, what are they?




2. Materials and methods


2.1. Participants

Participants comprised 491 L2 and 240 L1 learners from 12 kindergartens in Hong Kong. The L2 learners included 142 children from K1 (75 girls, Mage = 44.78 months, SD = 6.74), 176 from K2 (96 girls, Mage = 56.89 months, SD = 6.07), and 173 from K3 classes (95 girls, Mage = 66.60 months, SD = 7.14). They all spoke non-Chinese home languages and had diverse ethnic backgrounds (166 Pakistani, 148 Nepali, 59 Filipino, and 71 Indian). The Chinese L1 learners included 55 from K1 (38 girls, Mage = 45.79 months, SD = 5.95), 102 from K2 (47 girls, Mage = 56.38 months, SD = 5.28), and 83 from K3 classes (45 girls, Mage = 66.90 months, SD = 5.92) from the same kindergartens as the L2 participants. The L1 and L2 participants within each class level did not differ significantly in age in months (ps > 0.40).

The 12 kindergartens were drawn from the three territories of Hong Kong. Among these kindergartens, two were located in relatively higher poverty rate districts and two were located in relatively lower poverty rate districts (Hong Kong Census and Statistics Department, 2021). The L2 learners enrolled in the 12 kindergartens accounted for between 4.2 and 100% (M = 37.47%) of their total student populations. Five of these kindergartens had a low proportion of L2 learners (below 20%), three had a high proportion (above 80%), with the remaining four had a moderate proportion. All participating were local kindergartens in Hong Kong that followed the curriculum guidelines issued by the Hong Kong Education Bureau for kindergarten education. Under the Biliteracy and Trilingualism language policy, local kindergartens promote children’s development in Chinese language (Cantonese and Mandarin), and English as a second language. The local curriculum guide advocates a child-centered integrated approach that promotes children’s learning and development through play, such that languages are not taught at subject level but are promoted through an integrated curriculum alongside other learning areas (Curriculum Development Council, 2006, 2017).



2.2. Instrument

We used the six-subtest Chinese Character Acquisition Assessment (CCAA; Chan et al., 2020), a validated measure of Chinese character acquisition for L2 preschoolers. The measure operationalized character acquisition as six abilities, in line with Tse and Zhu’s (2001) conceptualization. Each CCAA task involves one association between two of the three constituents (written character form, sound, or meaning; see Figure 1) of 36 Chinese characters. In subtest A: Picture naming (meaning to sound), children are presented with individual pictures, and are asked to say out the characters represented. In subtest B: Identifying character forms from pictures (meaning to form), children select one of four written characters that they feel best corresponds to a picture shown. In subtest C: Character reading (form to sound), children read out written character forms individually. In subtest D: Matching pictures to character forms (form to meaning) involves children choosing one picture from among four that carries the same meaning as a written character form they are shown. In subtest E Matching pictures to sounds (sound to meaning), they choose one of four pictures corresponding to the meaning of an audio-recorded character they hear; and in subtest F: Identifying character forms from sounds (sound to form), they choose one from four written characters that corresponds to the audio-recorded character. The tasks for subtests A and C were open-ended, with a partial-scoring scheme (0 incorrect, 0.5 = partially correct, 1 = correct), whereas subtests B, D, E, and F were multiple-choice tasks and scored dichotomously (0 = incorrect; 1 = correct). The tested characters were selected systematically from a list of 200 characters that frequently appeared in the teaching plans of Hong Kong preschools attended by L2 learners. To ensure the children understand each task, children were given one trial item per subtest as part of the instructions, with additional Cantonese and English instructions where necessary. The internal consistency reliabilities (Cronbach’s alpha) of each subtest for the L1 and L2 participants ranged from 0.92 to 0.98 and from 0.75 to 0.97, respectively. The development and validation of the measure is detailed in Chan et al. (2020).
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FIGURE 1
The six Chinese Character Acquisition Assessment (CCAA) tasks.




2.3. Procedures

Ethical approval was obtained from the Human Research Ethics Committee of the University of Hong Kong. The six CCAA subtests were individually administered to each child over two consecutive days by trained researchers with their parents’ and school principals’ informed consent; each session lasted for around 15 min. Instructions were provided in Cantonese and English to ensure both L1 and L2 children understood the tasks. The trained researchers included graduates and undergraduates of psychology and education majors who were bilingual in Cantonese and English and attended a training session on test administration. Among the tests conducted, the performance of around 10% (50 tests) randomly selected children were rated by two independent assessors in order to ensure inter-rater reliability. Pearson product-moment correlation coefficients were significant, ranging from r = 0.99 to 1.00, reflecting a high degree of agreement among assessors.



2.4. Data treatment

To facilitate comparison among all six subtests involving the two response types (open-ended response and multiple-choice response), we adjusted the scores of the four multiple-choice subtests to account for random guessing by deducting from the total score [the number of incorrect responses divided by three], as recommended by Lord (1975). Then, we computed each child’s composite score out of 216 (36 characters in each of the six subtests) by summing his/her six subtest scores.




3. Results

Table 1 presents descriptive statistics for CCAA scores for L1 and L2 learners. We conducted a series of one-way Analyses of Variance (ANOVAs) to determine the main effects of demographic variables on L2 learners’ scores on each subtest. The main effect of ethnicity was significant for subtest A (p = 0.033), and the main effects of school type (proportion of L2 learners) were significant for all subtests except B (ps < 0.037). There were no main effects of gender for all six subtests (ps > 0.081). For the L1 learners, no main effects were observed for gender (ps > 0.159), and school type was significant only for subtest F, and only marginally (p = 0.049).


TABLE 1    Means and standard deviations of L1 and L2 participants’ CCAA scores, by class level.

[image: Table 1]

We conducted two-way mixed Analysis of Covariance (ANCOVA) to compare L2 learners’ scores by class level, with ethnicity and school type controlled as covariates. After Greenhouse-Geisser correction, the Level × Subtest interaction was significant [F(6.18, 1295.31) = 19.81, p < 0.001, partial η2 = 0.086, ıε = 0.62]. Subsequent one-way ANOVAs showed significant main effects of class level on all six subtests, and Bonferroni’s post-hoc analyses indicated that the differences between K1 and K2, and between K2 and K3, were significant across all subtests. However, main effects of subtest were significant only for two levels, K2 [F(2.82, 444.77) = 27.47, p < 0.001, partial η2 = 0.15, ıε = 0.58] and K3 [F(3.05, 466.94) = 42.58, p < 0.001, partial η2 = 0.22, ıε = 0.63]. In K2 and K3, scores were higher on subtest A (Picture naming) than on any other subtest (ps < 0.029), and on subtest E (Matching Pictures to Sounds) than on subtests B, C, D, and F (ps < 0.001). Additionally, K3 children’s scores were higher on subtest B (Identifying Character Forms from Pictures) than on subtests C, D, and F (ps < 0.001).

We conducted a 3 (level) × 2 (language-group) × 6 (subtest) three-way mixed ANCOVA to examine the relations between class level and subtest in the two language groups, controlling for school type. A significant interaction effect of class level, language group, and subtest was detected using the Greenhouse-Geisser correction method [F(5.49, 1784.88) = 58.22, p < 0.001, partial η2 = 0.152, ıε = 0.55]. The relations between class level and language group in each subtest were also explored using two-way ANCOVAs. Interaction effects between class level and language group were significant for all subtests except E. Pairwise post-hoc analyses with Bonferroni’s adjustment were performed within each level and subtest and indicated significant differences between the two language groups at each level. The magnitude of L1–L2 gap for K2 was larger than K1’s for subtests B, C, D, and F, but not different for subtests A and E. K3’s L1–L2 gap, meanwhile, was larger than K2’s for subtests B, C, D, and F, but smaller for subtests A and E. The subtest score comparisons and patterns are presented in Table 2 and Figure 2, respectively.


TABLE 2    Inter-group subtest score comparisons, by class level (N = 731).
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FIGURE 2
Adjusted means of L2 and L1 learners in three class levels for the six subtests.


As reported in the demographic analysis, we found that the effect of ethnicity was significant for subtest A (Picture naming). Hence, we conducted post-hoc analyses with Bonferroni’s corrections and found ethnic group differences within the subtest. Specifically, Pakistani children (Madjusted = 10.62, SE = 0.64, 95% CI [9.36, 11.88]) had higher scores than Filipino (Madjusted = 5.36, SE = 1.05, 95% CI [3.30, 7.42], p < 0.001) and Indian children (Madjusted = 6.96, SE = 1.09, 95% CI [4.83, 9.09], p = 0.02).



4. Discussion

In this study, we described L2 learners’ Chinese character acquisition and compared their performance against their L1 peers for K1, K2, and K3 children. The study contributes to our understanding of L2 learners’ acquisition by providing a systematic comparison of the character acquisition of L2 and L1 Chinese children in terms of character orthography, phonology, and semantics.


4.1. Second language learners’ Chinese character acquisition across class levels

Regarding L2 learners’ performance on the test, we found low average scores across all CCAA subtests taken by the K1 L2 group (M = −0.96 to 1.42). Specifically, the average K1 L2 child had acquired fewer than two of the 36 tested characters, suggesting that most of them had yet to begin acquiring Chinese characters when they entered preschool, and perhaps that they had received very little Chinese-language input outside school. Their parents’ limited Chinese language proficiency may be an additional explanation, as reported in a prior interview-based study (Lisenby, 2011). However, L2 learners in K2 and K3 scored higher on all six subtests than learners in K1, supporting the idea that L2 learners may have progressed in all aspects of Chinese character acquisition upon receiving preschool education. Meanwhile, our findings also suggest that there may be differences among L2 learners, as reflected by the ethnic group differences within the Picture Naming subtest.

However, class-level differences were not uniform across subtests, as evidenced by the interaction effect between the subtest and class level that we found. Within-level explorations also revealed a possible developmental sequence for acquiring Chinese characters. That is, while there were no inter-subtest differences in the K1 L2 group, subtest A (meaning to sound) was the highest-scored subtest for both the K2 and K3 groups, followed by subtest E (sound to meaning). Second-language learners also exhibited sharper score differences across K1 and K2 in subtests A and E (meaning-sound associations), than in subtests B, C, D, and F (character-form associations), implying that beginning L2 learners first develop the oral aspects underlying Chinese character acquisition. This is in line with the consensus that literacy development relies, in the first instance, on listening and speaking skills (e.g., Berninger, 2000).



4.2. The early language gap between first- and second-language learners

More importantly, following our speculation that L2 learners might experience character acquisition delays throughout their preschool years, we indeed found substantial gaps between L1 and L2 learners’ performance on all subtests at all class levels. Regarding the hypothesized patterns of divergence and convergence or the lack thereof, we found that—although L2 learners had lower scores than L1 learners at all points—the patterns of the significant interaction effects among class level, language group, and subtest indicated that L1-L2 group differences in these three levels were not uniform for all abilities.

Further examination based on the Chinese character acquisition framework (Ai, 1949; Tse and Zhu, 2001; Chan et al., 2020) led us to identify two patterns, a unique contribution of the study. The first pattern relates to children’s knowledge of associations involving character written forms (orthography), and is displayed in subtests B, C, D, and F. At K1, the L1-L2 gaps for these four subtests were smaller than those of subtests A and E (both of which tested meaning-sound associations), with adjusted mean differences of between 4.52 and 5.77. Gap sizes in K2 and K3 were also found to be larger than those in K1 and K2, respectively, indicating that L1 learners may benefit much more than L2 learners at each level, and that the latter group is likely to fall further behind as primary-school entry approaches. These results, illustrated in Figure 2, resemble the diverging pattern in Stanovich’s (1986) discussion of the Matthew effect. Initially, our sampled L1 and L2 learners were relatively close on the written form of characters, but the L1 learners’ slight advantage left them “richer”; and as this advantage continued to grow, the L2 learners became relatively “poorer.” This effect may threaten L2 learners’ development of literacy-related abilities in formal schooling. Notably, the L1–L2 gaps for subtests B, C, D and F widened more between K1 and K2 than between K2 and K3, as reflected by the effect sizes in our interaction-contrast estimates. It is possible that the measure was unable to fully capture L1 learners’ acquisition abilities beyond the specific range of characters tested, and hence we may have underestimated the gap. Or conversely, the gap increase could have been more intense from K1 to K2 than from K2 to K3 among those characters taught in preschools.

The second main pattern we observed was in the L1–L2 score gaps for subtests A and E. These subtests tested associations between meaning and sound, which inclines more to oral abilities than the other four. At the word level, such abilities resemble expressive and receptive vocabulary. Among all subtests, the mean differences between K1’s L1 and L2 learners were particularly large in the cases of subtests A (ML1–L2 = 25.55) and E (ML1–L2 = 16.85), indicating that L2 learners’ development of the oral aspects of Chinese character acquisition was markedly delayed. This finding is consistent with previous findings that L2 kindergartners and first graders were weaker in vocabulary than their L1 counterparts (e.g., Geva and Yaghoub Zadeh, 2006; Lipka and Siegel, 2007; Bialystok et al., 2010; Yesil-Dagli, 2011). As observed in English-speaking contexts, L1 learners have already started to develop sound-meaning and meaning-sound associations before preschool, possibly through home literacy activities (McCoy and Cole, 2011); and Chinese infants as young as 6 months start to develop tones (Mattock and Burnham, 2006). As such, the largest component of the L1-L2 gap in oracy at preschool entry may be attributable to L1 children having already picked up these abilities at home. A diverging L1–L2 pattern was not observed in subtests A and E. Instead, gap sizes were maintained from K1 to K2, and reduced slightly from K2 to K3. This may imply a widening of abilities, or our measures may have underestimated the abilities of K2 and K3 L1 learners because of ceiling effects. Nevertheless, the sampled L2 learners’ oral abilities around the tested Chinese characters progressed noticeably from level to level.

To sum up, diverging gaps were observed for abilities related to the character written form, but not for oracy-related ones, seemingly because it was more difficult for L2 learners to keep up with their L1 peers on measures related to the former. Our findings differ from Lesaux et al.’s (2006) findings that L2 learners’ decoding skills can catch up with those of their L1 counterparts via just one or 2 years of preschool and/or first-grade education. In this study, widening gaps were found across class levels for character reading (subtest C) and matching character forms to sounds (subtest F). This echoes the suggestion that it takes longer for L2 learners to acquire Chinese, as compared to alphabetic languages (McBride, 2016), and indicates that this may be due to the difficulty of acquiring orthography-phonology correspondence.



4.3. What advantage do L1 learners have over L2 learners in learning written language?

Our identification of diverging gaps in character knowledge of character forms raises the question, “What advantage do L1 learners have over L2 learners in learning written language?” One possibility may be deduced from the pattern we observed regarding subtests A and E: L1 learners’ advantage may lie in their initial superiority in the spoken aspect of Chinese character acquisition. The orthography-related subtests present a pattern resembling the Matthew effect, whereas in the spoken aspect of character acquisition, L2 learners are less disadvantaged. This echoes the findings of alphabetic language studies, that L2 learners need to develop oral language to a certain extent to acquire literacy, much as their L1 peers do (Verhoeven, 2000; Geva and Yaghoub Zadeh, 2006). Thus, support for L2 learners’ early childhood oral-language acquisition will be crucial to closing the L1–L2 literacy gap.

The two patterns we identified may provide some hints about the relationship between the processing of spoken and written Chinese. As compared to their L1 peers, our L2 learners appeared more able to keep up level by level with changes in the range of characters tested when it came to oracy, but less able when it came to literacy aspects of the same characters. While we are unable to draw any firm conclusions, it is conceivable that, for young L2 learners, the oracy-literacy relationship in Chinese may not be as strong as it is in alphabetic languages.

We can also speculate that the widening gaps we observed, especially in the orthographic aspect, may further disadvantage L2 learners in reading comprehension when they enter first grade. According to the Simple View of Reading (Gough and Tunmer, 1986), reading comprehension is a product of word decoding and linguistic comprehension, but the roles of these two components vary, both across stages of language learning and orthographies (Tobai and Bonifacci, 2015; Cadime et al., 2017). For beginning learners of opaque orthographies like English, the role of word decoding is stronger than listening comprehension, unlike with transparent orthographies (Florit and Cain, 2011). Thus, it is highly likely that the role of decoding in reading comprehension will be stronger still when learning Chinese orthography, which has an even more opaque orthography than English. As noted earlier, Wong (2019) found that Chinese-decoding strongly predicted reading, as well as improvement thereof 2 years later, later among ethnic minority fourth-graders in Hong Kong. Decoding involves associating word forms with sounds, so if L2 learners increasingly fall behind L1 learners in form-sound and form-meaning associations between K1 and K3, such a disadvantage is likely to be carried forward to first grade, and negatively impact their reading comprehension. Given L2 learners’ potential constraints to decoding when entering first grade, the findings support the design of interventions targeted for oral language to support their acquisition of the spoken and written abilities underlying Chinese character acquisition at the kindergarten level. In addition, reading-comprehension strategies could be developed specifically for L2 learners to compensate for their relative weaknesses in decoding at first grade.



4.4. Limitations and future research directions

The present study has several limitations. First, as L2 learners are highly diverse, our sample may not represent all L2 learners. Second, our cross-sectional design limited us from drawing firm conclusions regarding trends in Chinese character acquisition over time. Future research should therefore follow the longitudinal development of individuals’ Chinese character acquisition across levels or ages. Third, the potential ceiling effect for the two oracy-related subtests (subtests A and E) may have underestimated the L1 Chinese children’s abilities. Future iterations of the measure include additional items for children who score close to full scores on these subtests. Fourth, we focused solely on Chinese character acquisition, at the expense of other important abilities and factors including early language skills in Chinese (e.g., phonological awareness and orthographic awareness) and other languages (e.g., English and home languages); language proficiency in other languages; cognitive abilities; home factors (e.g., socioeconomic status, parental language proficiency and involvement); and demographic attributes. These factors have been identified in the emerging studies of L2 learners to be related to their language abilities. It is also worth highlighting that the variability between L1 and L2 learners was greater at higher class levels. Standard deviations of the subtest scores were 0.65 to 3.45 in K1; 4.97 to 8.92 in K2; and 7.29 to 10.41 in K3. Our study has described what the L1-L2 differences were but not how these differences emerged, and it will be useful in future to investigate the underlying factors or reasons that account for these differences.




5. Concluding remarks

Due to globalization, learning languages other than one’s own—notably, Chinese—is increasingly important and popular. However, the unique orthographic, phonological, and semantic features of Chinese script render it necessary to measure and describe the language abilities of L2 Chinese children in new ways that differ from the body of the existing literature on early L2 language development. This study has helped to address that problem, and extended explorations of L2 Chinese learners’ language abilities to include the preschool stage. Findings call for educators’ and researchers’ attention to, and further exploration of, L2 Chinese learners’ distinctive characteristics, and the development of teaching practices that address their needs.
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This study investigates the representation and processing of written Chinese sentences subject to a semantic condition (i.e., “direction of change”) attached to the sentence-final particle (SFP) le in Mandarin Chinese. Three groups of bilingual speakers of Chinese and English who differ in their onset age of bilingualism and proficiency of English were studied. It was anticipated that there would be a positive cross-linguistic influence (CLI) from English due to similarities between the SFP le and the English adverb already in terms of direct semantic transfer. An acceptability judgment (AJ) task and a self-paced reading (SPR) task were conducted to elicit judgment and processing difficulty with and without semantic violations. The participants included English-dominant second language (L2) learners (n = 18) and heritage learners (n = 19) who had advanced proficiency in Chinese, as well as monolingually raised Mandarin speakers from China as a baseline control group (n = 18). The results indicated that sensitivity to violations of the semantic condition varied depending on factors such as the specific structure (noun vs. verb phrase), the task type (offline vs. online), and the type of bilingual speaker (early vs. late). Among the three groups of bilinguals, the heritage learners demonstrated a representation of the semantic condition that resembled the target language across different sentence structures, whereas the L2 learners did not. Furthermore, the heritage learners exhibited earlier sensitivity to violations during online processing compared to the baseline control group. These exceptional results can be attributed to the heritage learners’ early exposure to and positive CLI between the SFP le in Mandarin and the English adverb already.
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1. Introduction

Cross-linguistic influence (CLI), in which grammatical properties of prior or simultaneously acquired language(s) influence those of subsequently acquired ones, is widely reported (see Lago et al., 2021 for a review). Moreover, first language (L1) properties, if transferred into the second language (L2), may persist into very advanced stages of L2 acquisition (Inagaki, 2001; Rankin, 2014; Bauke, 2020; among others). In sentence reading tasks which necessarily involve real-time information processing, coordination of grammatical properties from various linguistic domains such as syntax and semantics can be cognitively taxing (Hopp, 2006). Most studies on CLI have focused on the negative effects of CLI (Odlin, 2001; Yuan, 2004; Yuan and Zhao, 2005; Jackson and Dussias, 2009; among others). However, much less emphasis has been placed on its positive side, which should facilitate both the acquisition and processing of the target language (Odlin, 1989; Yip et al., 2018). Furthermore, for structures that pose similar constraints cross-linguistically, the syntactic differences between them, for example whether less embedded ones exert larger positive CLI effects, are unknown. For L2 learners (L2ers), online reading tasks are more challenging than offline ones as explicit knowledge is less accessible by the parser in online tasks due to time pressure (e.g., Jiang, 2004; Andersson et al., 2019; Mickan and Lemhöfer, 2020). However, for heritage language learners (HLers), early exposure to the target language might to some extent bring about advantages over adult L2 learners in terms of sensitivity to very subtle semantic features (e.g., Mai and Deng, 2017; Polinsky and Scontras, 2020). In this study, we examine whether and to what extent positive CLI takes place in establishing and maintaining a syntax-semantic condition in the L2 and heritage Mandarin Chinese using both offline and online reading tasks.



2. CLI in grammatical acquisition and sentence reading


2.1. Structural effects on CLI

When the target structure in the L2 does not have a close structural equivalent in the L1, or the L1 equivalent is substantially different from the L2 target (“L1-L2 different structures”), positive CLI from the L1 on the L2 is not expected. Nevertheless, L1-L2 similarity is by no means a necessary condition for native-like sentence processing in the L2. Frenck-Mestre and Pynte (1997) showed that in processing structurally ambiguous English sentences (i.e., subject/object ambiguities, non-ambiguous in French), adult French-L1 English-L2 bilinguals performed in a similar manner to English monolinguals despite temporary difficulties. In Hoover and Dwivedi (1998), French clitics in causative and non-causative sentences were successfully acquired by highly proficient adult English-L1 learners of French. Similarly, Jackson and Dussias (2009) revealed that L2 learners of German, when reading wh-extractions in German, were sensitive to morphological case-marking not instantiated in their L1 English (other studies see Hasegawa et al., 2002; Yokoyama et al., 2006).

Nevertheless, when the L2 target structure has a close equivalent in the L1 (“L1-L2 similar structures”), it is expected that structural similarity should lead to positive L1 transfer, facilitating the acquisition of the L2. However, the expected positive CLI is not always present (Bates and MacWhinney, 1989; Tokowicz and MacWhinney, 2005; Jing, 2008; Sabourin and Stowe, 2008, among others). For example, native speakers of Greek showed clear preferences in terms of high/low attachment in interpreting nouns in relative clauses, which is shared by a number of languages such as Spanish, German, and Russian, and are thus not expected to cause problems for Greek L2 learners whose L1 is any of these three languages. However, Papadopoulou and Clahsen (2003) found that L2 learners of Greek who were highly proficient in it, showed no preference for high/low attachment in the structure, suggesting the L1-L2 similarity might not play any facilitating role. Similar findings were reported with regard to the comprehension of non-local dependencies (Felser and Roberts, 2007; Omaki and Schulz, 2011).

Jeong et al. (2007) and Jeong et al. (2007) studied the processing of word order and related syntactic features (e.g., case-marking) by native speakers and L2 learners of SVO languages (Mandarin Chinese, English) and SOV languages (Korean, Japanese). Those learning an L2 with a word order similar to their L1 showed advantages in brain activities in processing the L2 compared with those learning an L2 with a word order different from their L1, but the advantage seems to be specific to the task adopted (i.e., a behavioral auditory sentence comprehension task), indicating task effects on the extent of positive CLI, which we will elaborate on in the next section.



2.2. Task effects on CLI

CLI, whether negative or positive, is extensively investigated in both online processing and offline comprehension and judgment tasks, and the findings are mixed. Jiang (2004) investigated subject-verb agreement marking in English by Chinese-L1 learners of L2 English. The L2 learners were quite accurate in an offline written test, yet insensitive to the same morphosyntactic manipulation in an online comprehension task. Elsewhere, Hopp (2006) showed that lower-proficient advanced German L2 speakers (whose L1s were English and Dutch) were able to utilize case-marking information as evidenced by comprehension accuracies, but were insensitive to the same information in online processing. However, in Turkish-L1 and German-L1 learners of L2 Dutch, CLI in pronoun resolution is observed in offline interpretation tasks yet absent in online reading tasks (Roberts et al., 2008). In Hopp and Grüter (2023), L1 effects were identified among German-L1 and Japanese-L1 L2 learners of English in offline comprehension of wh-questions rather than in online processing of the same questions (for more evidence on the online vs. offline asymmetry, see Kaan et al., 2015; Andersson et al., 2019; Mickan and Lemhöfer, 2020).

In bilingual processing, abundant evidence has supported co-activation of both languages in various types of bilinguals, even when the linguistic stimuli are presented monolingually (e.g., De Groot, 2011; Hopp and Grüter, 2023). Most studies have examined cross-linguistic co-activation at the lexical level, with a special focus on L1-L2 equivalents that are cognate words (Costa et al., 2000; Dijkstra, 2005). Processing these words in the L2 activates their L1 equivalents and facilitates lexical processing in the L2 (Dekydtspotter et al., 2006; Miller, 2014). However, less is known about the activation of syntactic structures in bilingual processing, except Hopp (2017) and Vaughan-Evans et al. (2020). Hopp (2017) touched upon syntactic co-activation in German-L1 learners of English through lexical co-activation in reading. Specifically, he investigated whether English relative clauses with different word orders that overlap with German-L1-embedded clauses activates the L1 grammars in online L2 sentence comprehension. His findings suggest the L1 word order was co-activated. Vaughan-Evans et al. (2020) examined Welsh-L1 English-L2 early bilinguals’ online reading of English sentences with manipulated morphosyntactic rules (i.e., the Welsh soft mutation rule) and proposed that co-activation of the L1 syntax may occur through syntactic rules. As for the processing of complex syntactic features, such as syntax-semantic relationships investigated in the current study, much work is still needed.



2.3. Learner effects on CLI

It has been shown that bilingual co-activation may boost the processing of relevant syntactic units. However, this positive effect is not found across types of bilinguals. For instance, Canseco-Gonzalez et al. (2010) compared three groups of Spanish-English bilinguals with various onset ages of bilingualism and proficiency in Spanish: the early bilinguals (with an onset age of both languages before 6 years) and the English-L2 group (onset age after 6 years) co-activated Spanish in word recognition tasks in English, whereas the Spanish-L2 group (onset age after 6 years) did not reveal any co-activation effect. The authors argued that the more proficient the early bilinguals are, the more successful and accustomed the learners are in terms of co-activation. This leads to an interesting prediction: early bilinguals of Languages A and B may be more efficient than late bilinguals (e.g., L2 learners of Language A) in co-activating Language B in reading in Language A. Moreover, early bilinguals may even outperform monolingually raised speakers of Language A, who are late bilinguals of the same languages. Our study follows up on this line of research and investigates learner effects in three types of proficient bilinguals in Chinese and English.

Heritage language speakers (HLers) are typically early bilinguals who acquire the HL as their L1 (or one of their L1s alongside the societal majority language) through interaction with parents who are native speakers of the language in naturalistic settings (Polinsky and Scontras, 2020). Because an HL is by definition a minority language in the larger community, adult HL speakers usually (but not always) develop stronger abilities in the societal majority language through mainstream schooling and possess varying proficiency in the HL (Montrul, 2016). Some HL speakers are able to develop literacy in the HL through bilingual education programs, community schools, or language courses. L2 learners (L2ers) are typically late bilinguals who acquire their L1 at early childhood and are raised in the L1 context. Their L2 was mostly learned through formal instruction after puberty. HLers, on the one hand, can display substantial differences from L2ers in many acquisition and processing aspects across linguistic domains (Montrul, 2016); on the other hand, they are also different from monolingually raised speakers of that language (“baseline”) in judging and processing complex grammatical properties of the HL (e.g., Mai and Deng, 2017; Polinsky and Scontras, 2020). For HLers, it is likely that the experience of developing both the HL and the majority language concurrently in childhood gives rise to more accurate and accessible mapping between corresponding structures in the two languages and bring advantages over L2 and monolingual baselines in L1-L2 similar structures. In this sense, it might be possible that the CLI is modulated by learner effect, and we further explore this in the current study. In comparing English-dominant L2 and HL Spanish speakers, Regulez and Montrul (2023) found great learner variations regarding acceptability, production, and online comprehension in Spanish differential object marking, reporting the presence of task effects. This study tests L1-L2 similar structures involving complex syntax-semantics coordination, the sentence-final particle (SFP) le in Mandarin Chinese and the adverb already in English through both offline and online tasks.




3. The SFP le in Mandarin Chinese and the adverb already in English


3.1. The SFP le

Mandarin Chinese has a rich set of SFPs, among which le denotes a newly obtained state or “change of state” (Chao, 1968; Li and Thompson, 1981; Paul, 2015; Paul and Yan, 2022) and entails that the current state does not hold before speech time (Soh, 2009).1 When the change is associated with a naturally occurring or commonly perceived ordered scale (e.g., numbers in ascending order, or stages of human development), the SFP le imposes, among other conditions, a semantic constraint on the direction of change encoded, as outlined in (1):

1. The change must take place from an earlier/lower point to a later/higher point along the associated scale, rather than vice versa (Xiang, 1998; Xing, 2001).

For example, in stative [be-NP] structures as presented in (2) and (3), when the NP identifies a point which is straightforwardly interpretable as a high point on the ordered scale, entailing at least one lower point on the scale (termed as “higher NP,” e.g., where dà-háizi (‘big child’) is a point higher than xiǎo-háizi (‘little child’) on the scale of human development), [be-NP] is naturally compatible with the SFP le, as shown in (4). However, when the NP denotes a low point on the scale without the entailment of an even lower point (termed as “lower NP,” e.g., xiǎo-háizi (‘little child’)), [be-NP] is less compatible with the SFP le, as in (5). Notice that both types of NP are natural without the SFP le, as illustrated in (2) and (3).

(2) Higher NP in [be-NP]

Xiǎowáng shì  dà  háizi.

Xiaowang COP   big  child

‘Xiaowang is a big child.’

(3) Lower NP in [be-NP]

Xiǎowáng shì  xiǎo  háizi.

Xiaowang COP   small   child

‘Xiaowang is a small child.’

(4) Higher NP in [be-NP-leSFP]

Xiǎowáng shì dà háizi le.

Xiaowang be big child LE

‘Xiaowang is a big child already’

(5) */?Lower NP in [be-NP-leSFP]

*/?Xiǎowáng shì xiǎo háizi le.

Xiaowang be small child LE

*/?‘Xiaowang is a small child already.’

Another manifestation of (1) can be found regarding the SFP le with upward/downward-entailing duration phrases in [V-leASP-duration-leSFP] structures. Upward-entailing contexts identify, on a scale, the lowest possible value that is true for the relevant proposition and entail values higher than this point [e.g., zhìshǎo wǔnián (‘at least 5 years’), or chāoguò sāntiān (‘exceeding 3 days’)]; they are natural with the SFP le, for the direction of the entailment aligns with the direction of change as stipulated by the SFP le above, as illustrated in (8). In sharp contrast, downward-entailing contexts identify the highest point that holds for the relevant proposition [e.g., búdào wǔnián (‘less than 5 years’), or zuìduō sāntiān (‘at most 3 days’)] and are thus not compatible with the SFP le, as depicted in (9). Notice here that both upward and downward elements are possible in sentences without the SFP le, as demonstrated in (6) and (7).2

(6) Upward-entailing duration in [V-leASP-duration]

Wǒ zài zhèr  [VP zhù le  zhìshǎo wǔ nián].

1SG at here  live PERF at-least five CL

‘I lived here for at least 5 years.’

(7) Downward-entailing duration in [V-leASP-duration]

Wǒ zài zhèr  [VP zhù le  búdào  wǔ nián].

1SG at here  live PERF less-than five CL

‘I lived here for less than 5 years.’

(8) Upward-entailing duration in [V-leASP-duration-leSFP]

Wǒ zài zhèr  [VP zhù le  zhìshǎo wǔ nián] le.

1SG at here  live PERF at-least five CL LE

‘I have lived here for at least 5 years already (which was not the case before).’

(9) */?Downward-entailing in [V-leASP-duration-leSFP]

*/?Wǒ zài zhèr  [VP zhù le  búdào  wǔ nián] le.

1SG at here  live PERF less-than five CL LE

*/?‘I have lived here for less than 5 years already.’

  [slightly modified examples from Soh (2009, p. 638–641)].



3.2. The adverb Already in English

Lacking SFPs, English has an adverb already, which is also subject to a “change of state” interpretation and is considered a semantic counterpart of the SFP le in Mandarin in many contexts (Traugott and Waterhouse, 1969; Soh, 2009). It has been argued that the English adverb already entails a “cognitive modeling of event sequence” including canonical courses of development (Michaelis, 1992, 1996). As shown in the translations in (4), (5), (8), and (9), the acceptability of already in English is subject to the same restrictions as the SFP le in contexts with scalar inferences: upward-entailing contexts (e.g., at least) and higher NPs (e.g., big child) are clearly more acceptable than downward-entailing contexts and lower NPs (e.g., less than, or small child).

In the absence of literature on cross-linguistic mapping between the SFP le and the English adverb already in Mandarin-English bilinguals, we searched the literature for evidence in Chinese-English bilinguals in general. Szeto et al. (2017) found that Cantonese-English bilinguals associated the English adverb already with the Cantonese SFP laa3 and aspect marker zo2, which are well-established counterparts of the SFP le and aspect marker le in Mandarin.




4. This study


4.1. Research questions and predictions

As reviewed above, L1-L2 similarity facilitates both acquisition and processing due to positive CLI and bilingual co-activation, but whether positive CLI happens in different types of bilingual speakers and in complex grammatical processing involving semantic computation is an empirical question that has been raised only recently in studies. To fill this gap, this study looked into the acquisition and processing of higher/lower NPs in [be-NP-leSFP] and upward/downward-entailing duration phrases in the [V-leASP-duration-leSFP]. The following two research questions guided this study:

1. Given cross-linguistic similarities between the SFP le in Mandarin and the adverb already in English, will English-L1 learners of L2 Mandarin (L2ers) succeed in differentiating, in the SFP le sentences, the acceptability between higher and lower NPs such as in (4) and (5) and between upward- and downward-entailing duration phrases such as in (8) and (9) in both offline judgment and online reading?

2. Will adult HLers, who have acquired both Chinese and English at a young age, outperform proficiency-matched L2ers and pattern with monolingually raised Chinese L1 speakers in China (baseline controls), due to the early onset of Chinese-English bilingualism?

For English-L1 L2ers, consistent differentiation between the more acceptable and the less acceptable sentences hinges upon the mental representation of the semantic condition regulating the use of the SFP le in (1), which may be formed based on absorbing patterns in the input and profiting from positive transfer from already, if the mapping between the SFP le and already is established. We predict that L2ers will be able to make the differentiation, but they may be more successful in recognizing violations caused by lower NPs in [be-NP-leSFP] than downward-entailing duration phrases in [V-leASP-duration-leSFP], because the NPs in the former structure are less embedded, linearly closer to the SFP le, and semantically more concrete than the duration phrases in the latter. For HLers, we predict that they will outperform their L2 peers due to the early onset of bilingualism and likely early mapping between the SFP le in Mandarin and the adverb already in English and subsequently stronger facilitative effects. To test these predictions, we conducted an experiment consisting of an offline acceptability judgment task and an online self-paced reading task.



4.2. Participants

The data of this study are from a larger project investigating the acquisition and processing of several grammatical structures by adult L2 and HL learners of Mandarin. The participants were recruited from Beijing, Shanghai, and Hangzhou in China, and Cambridge in the United Kingdom. A language background questionnaire was administered to collect information about each participant’s language experience. The original sample consists of data from 150 participants. Given the research goals of this study and the complexity of the grammatical construction under investigation, we selected from the original sample participants who self-reported having intermediate or above-intermediate proficiency in written Chinese. Other criteria included: to qualify as L2ers, the participant must have reported English as their native language, and started to learn Chinese after puberty (average onset age 18 years, see Table 1); and to qualify as HLers, the participants must have reported early and substantial exposure to both Chinese and English in an English-speaking country and self-rated English as their dominant language at time of data collection. Ultimately, 18 L2ers (6 females) and 19 HLers (13 females) satisfied the above criteria and were included in this study.



TABLE 1 Participant information (SD in brackets).
[image: Table1]

The HLers had been exposed to Mandarin Chinese (n = 15) or Cantonese and Min Chinese3 (n = 4) through everyday interactions with family members from birth, with at least one parent being a native speaker of Chinese. They were either born and raised in an English-dominant country (UK, US, etc., n = 14) or had immigrated with their family to an English-dominant country before the age of 5 (see Supplementary material for each HLer’s language exposure). The baseline controls (n = 18) were undergraduate or graduate students at universities in Beijing (12 females), majoring in liberal arts (n = 10) or science (n = 8). They were all born and raised in northern China; none had visited an English-speaking country by the time of data collection.

An established cloze test (Zhao, 2006; Yuan, 2010; Mai and Yuan, 2016; etc.) was adopted to gauge the learners’ reading proficiency in Chinese. The test included two short passages with 40 blanks and participants were required to fill in each blank with a Chinese character. No Pinyin (romanized form of Chinese) was provided. ANOVA and post hoc Tukey tests indicated that both the L2ers and HLers were significantly different from the baseline controls [F(2, 52) = 78.24, all p < 0.000], but they were not significantly different from each other (p = 0.921), suggesting comparable proficiency between the L2ers and the HLers. Information on the participants (n = 55) is summarized in Table 1.



4.3. Tasks


4.3.1. Acceptability judgment (AJ) task

In the AJ task, the participants judged the acceptability of four types of sentences on a four-point Likert scale (ranging from ‘completely unacceptable,’ to ‘probably unacceptable,’ to ‘probably acceptable,’ and to ‘completely acceptable’):

Higher and lower NPs in sentences with and without the SFP le:

Type 1 (n = 4): [be-NPHIGHER-leSFP], as in (4),

Type 2 (n = 4): */?[be-NPLOWER-leSFP], as in (5),

Type 3 (n = 4): [be-NPHIGHER], as in (2), and

Type 4 (n = 4): [be-NPLOWER], as in (3).

Upward/downward-entailing duration phrases with and without the SFP le:

Type 5 (n = 4): [V-leASP-DurationUP-leSFP], as in (8),

Type 6 (n = 4): */?[V-leASP-DurationDOWN-leSFP], as in (9),

Type 7 (n = 4): [V-leASP-DurationUP], as (6), and

Type 8 (n = 4): [V-leASP-DurationDOWN], as in (7).

Four tokens were constructed for each type, rendering a total of 32 tokens. These critical items were mixed with 128 other items testing other grammatical structures such as wh-questions in the larger study. The sentences were randomized and presented one-by-one on a computer screen. The participants pressed one of five designated keys on the keyboard to indicate their rating on the scale (the four-point scale plus a separate “I do not know” option), and the program was designed such that once the testing has started, the participant could see only one sentence on the screen and they could not return to a pervious item or change their answers. Six additional training items were provided before the critical items.



4.3.2. Self-paced reading (SPR) task

In this “read and judge” task, the participants read a critical sentence with the SFP le and provided a binary truth-value judgment (“correct” or “incorrect”) on a follow-up comprehension sentence based on their understanding of the previous SFP le-sentence. Unlike previous studies in which participants were required to read the sentences as quickly as possible, in this task we asked them to read the sentences at a natural and comfortable pace. This is because participants in pilot studies reported considerable anxiety and fatigue when they had to read the sentences as quickly as possible. The test items were presented segment by segment on a computer monitor. Thereafter, participants had to press a key to see the next segment of the SFP le-sentence. Upon reaching the end of the SFP le-sentence, the comprehension sentence was presented in full for the participants’ judgment.

Four conditions, as shown in (10), (11), (12), and (13), were created to test the two structures, with six or eight trails in each condition. The SFP le-sentences in the SPR task were longer than those in the AJ task, with an additional clause following the SFP le-clause to allow for spill-over effects and potentially delayed processing of the critical element (the SFP le). The sentences were segmented into seven windows for [be-NP-leSFP] and nine for [V-leASP-duration-leSFP] so that only one word (mostly disyllabic, bimorphemic with only a few systematic exceptional cases) was presented to the reader in a window. Note that in [be-NP-leSFP] conditions, the monosyllabic SFP le [the critical window, W4 in (10) and (11)] was presented separately from the other words; in [V-leASP-duration-leSFP] conditions, the upward/downward quantifiers were presented in a single time window without the temporal nouns, which were presented together with the SFP le in the subsequent window [the critical window, W5 in (12) and (13)]. Half of the comprehension sentences were directly related to the SFP le-clause and the other half to the additional clause. In addition, half of them were expected to elicit “correct” responses and the other half “incorrect” ones.

(10) [be-NPHIGHER-leSFP] (n = 6)


[image: Table2]

(11) */?[be-NPLOWER-leSFP] (n = 6)

[image: Table3]

The 28 SPR items were randomized and mixed with 44 items testing other structures such as aspect markers, negation markers in the larger study using the Latin square design (Dean and Voss, 1999). Two lists (Lists A and B) were generated manually to ensure that the SPF le-sentences that were minimally different were not included in the same list. Half of the participants completed List A and the other half List B. In both cases, the test items were divided into two blocks evenly, with an obligatory break between them to reduce the impact of fatigue. Six training items were provided to ensure that the participants understood the instructions.




4.4. Procedures

The participants completed both tasks individually in a quiet classroom in one meeting with the first author. Test materials were presented using E-Prime 2.0. Meanwhile, test instructions were given to L2ers and HLers in English, and to Chinese baseline controls in Chinese. An “I do not know” option was available across items throughout the test. The SPR task was administered before the AJ task so that the latter, which activates explicit and metalinguistic knowledge to a larger extent than SPR, did not impact on the SPR results.




5. Results


5.1. Data coding, trimming, and statistical tools

Judgments in the AJ task were transformed into numerical scores of 1, 2, 3, and 4 for “completely unacceptable,” “probably unacceptable,” “probably acceptable,” and “completely acceptable” respectively. Reading times and responses to comprehension sentences in the SPR task were trimmed and transformed following several steps: (i) responses in the comprehension sentences were checked to screen out participants who did not reach 75% accuracy (following Jiang, 2004; Keating and Jegerski, 2015) – no participant was eliminated in this procedure; (ii) reading times were screened to identify outlying values falling outside an absolute cutoff (shorter than 100 ms or longer than 2000 ms for baseline controls, shorter than 200 ms or higher than 4,000 ms for learners) or a variable cutoff (i.e., three standard deviations above mean reading times of the relevant group), which were then replaced with the absolute cutoff value of the relevant group in statistical analysis (following Keating and Jegerski, 2015); and (iii) to reduce confounding inter-participant differences due to general reading strategies, raw reading times (after adjusting for outlying values as described above) were transformed into residual reading times, which reflect differences between the actual raw reading times and the predicted reading times based on the regression equation, with word length as the predictor and raw reading times as the response variable (following Keating and Jegerski, 2015; also known as “deviations from regressions”). After the transformation, positive values indicate longer reading times than predicted by the regression, whereas negative ones mean they are shorter than predicted.

Linear mixed-effects models (LMMs) were performed for both tasks in R (version 4.1.1, R Core Team, 2014; lme4, Bates et al., 2013). The ratings in the AJ task and reaction times in the SPR task were dependent variables in the respective models. Fixed factors included condition (acceptable vs. less acceptable), group (baseline, L2, and HL), and interactions between condition and group. Random factors included intercepts for subjects and items, as well as by-subject and by-item random slopes. Factors were removed if they did not significantly improve the model according to the maximum likelihood ratio tests. Due to convergence issues, the random slopes for items were removed. Values t > |2| were considered statistically significant (following Gelman and Hill, 2007). The results are reported in the following sub-sections.

(12) [V-leASP-DurationUP-leSFP] (n = 8)

[image: Table4]

(13) */?[V-leASP-DurationDOWN-leSFP] (n = 8)

[image: Table5]



5.2. AJ task


5.2.1. Higher/lower NP conditions

As shown in Figure 1; Table 2, all groups rated the [be-NPHIGHER] and [be-NPLOWER] sentences at ceiling (means above 3.5), indicating the [be-NP] structure is well represented in their Chinese grammars. All groups also rated the [be-NPHIGHER-leSFP] sentences higher than minimally different */?[be-NPLOWER-leSFP] sentences (p < 0.001 for baseline, post hoc power = 100%; and p < 0.05 for both HL and L2 groups, post hoc power for HL = 95.91%, for L2 = 100%).

[image: Figure 1]

FIGURE 1
 Mean ratings of the higher/lower NP conditions in the acceptability judgment (AJ) task.




TABLE 2 Mixed-effects models on [be-NPHIGHER-leSFP] and */?[be-NPLOWER-leSFP] in the acceptability judgment (AJ) task.
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5.2.2. Upward/downward-entailing duration conditions

As shown in Figure 2; Table 3, the baseline and HL groups were able to rate [V-leASP-DurationUP-leSFP] sentences higher than */?[V-leASP-DurationDOWN-leSFP] sentences (p < 0.001 for baseline, post hoc power = 100%; p < 0.01 for HLers, post hoc power = 96.14%). However, the L2 group showed no such sensitivity. In addition, all groups rated the [V-leASP-DurationUP] and [V-leASP-DurationDOWN] sentences high (means above 3), suggesting their acceptance of the basic upward/downward-entailing duration structures.

[image: Figure 2]

FIGURE 2
 Mean ratings of the upward/downward-entailing duration phrase conditions in the acceptability judgment (AJ) task.




TABLE 3 Mixed-effects models on [V-leASP-DurationUP-leSFP] and */?[V-leASP-DurationDOWN-leSFP] in the acceptability judgment (AJ) task.
[image: Table7]

To sum up, the AJ task results indicate that like the baseline controls, both HL and L2 learner groups were sensitive to the incompatibility between lower NPs and the SFP le. However, only the HLers were able to show sensitivity to the incompatibility between downward-entailing duration phrases and the SFP le, patterning with the baseline controls.




5.3. SPR task


5.3.1. Higher/lower NP conditions

Figure 3 presents the reading times at each time window in each condition by each group in three panels. LMM analyses reveal that the three groups of participants showed a similar reading time pattern: no significant differences were found between the two conditions across groups from the pre-critical window (W3) to the first post-critical window (W5); and between-condition differences first showed up in the second post-critical window (W6, baseline controls: p < 0.05, post hoc power = 68.52%; HLers: p < 0.1, post hoc power = 52.63%; L2: p < 0.1, post hoc power = 42.59%). Table 4 presents the LMM results of the second post-critical window.

[image: Figure 3]

FIGURE 3
 L2, HL, and baseline groups’ residual reading times at each window between [be-NPHIGHER-leSFP] and */?[be-NPLOWER-leSFP].




TABLE 4 Mixed-effects models (dependent variable: residual reading time at the 2nd post-critical window [W6]).
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5.3.2. Upward/downward-entailing duration conditions

Figure 4 presents the residual reading times at each time window in each condition by each group in three panels. Unlike the NP conditions, the three groups displayed three different patterns. As expected, baseline controls showed statistical (though borderline) differences between the upward and downward conditions in the first post-critical window (W6, p < 0.1, post hoc power = 59.72%). What is surprising is that the HLers showed statistical differences (though also borderline) earlier than the baseline controls in the critical window (W5, p < 0.1, post hoc power = 42.11%), suggesting heightened sensitivity to violations caused by the downward-entailing contexts. The L2ers showed a third pattern and did not reveal any statistical differences in reading times in any window. Table 5 presents the LMM results.

[image: Figure 4]

FIGURE 4
 L2, HL, and baseline groups’ residual reading times at each window between [V-leASP-DurationUP-leSFP] and */?[V-leASP-DurationDOWN-leSFP].




TABLE 5 Mixed-effects models (dependent variable: residual reading time at the first post-critical window (W6) for baseline, and at critical window (W5) for HLers).
[image: Table9]

To sum up, in reading the [be-NPHIGHER-leSFP] structures, both HL and L2 groups demonstrated sensitivity to violations of the semantic constraint in (1) caused by lower NPs in online sentence reading. Their sensitivity was evidenced in the same time window (second post-critical) as that of the baseline controls. By contrast, in reading the [V-leASP-duration-leSFP] structures, both the HLers and the baseline controls, but not the L2ers, were sensitive to violations of the semantic constraint in (1) caused by downward-entailing duration phrases. Crucially, the HLers’ sensitivity emerged very early in the critical time window during which the target SPF le was presented, earlier than that of the baseline controls at the first post-critical window after the target particle was presented.





6. Discussion


6.1. Summary of findings

Our research questions investigated the acquisition and processing of Mandarin SFP le-sentences through comparisons along the following three dimensions: (i) structure effect – whether learners of Mandarin are equally sensitive to violations of the semantics of the SFP le caused by lower-NPs in [be-NP-leSFP] as presented in (5) and downward-entailing elements in [V-leASP-duration-leSFP] as demonstrated in (9); (ii) task effect - whether learners of Mandarin are equally successful in offline and online reading tasks; and (iii) learner effect – whether L2ers and HLers with matched proficiency in written Chinese are equally successful in recognizing such violations.

Our findings revealed structure, task, and the learner and their interactions all had an effect, albeit to different extents, as summarized in Table 6. In terms of structure, the L2ers were able to provide higher ratings for [be-NP-leSFP] with higher NPs than those with lower NPs in the AJ task and displayed marginally longer processing times in reading [be-NP-leSFP] with lower NPs than those with higher NPs; but they did not show signs of sensitivity to violations caused by the downward-entailing duration in [V-leASP-Duration-leSFP]. The advantage of [be-NP-leSFP] over [V-leASP-Duration-leSFP] in eliciting sensitivity to violations is less clear in the other two groups, who recognized violations of both structures in both tasks. With respect to task effects, the offline AJ task elicited either stronger or equal (but never weaker) responses to violations compared with the online SPR task. This pattern holds across groups and structures. Finally, for different types of learners, the HLers outperformed the proficiency-matched L2ers in that the former recognized violations in both structures and in both online and offline tasks, whereas the latter only showed target-like sensitivity to the higher/lower NPs. Most strikingly, the HLers even outperformed the baseline controls, recognizing the violation earlier during the critical time window containing the critical SFP le, rather than in the post-critical window.



TABLE 6 Summary of findings: sensitivity to violations of the semantics of the SFP le.
[image: Table10]



6.2. Conditions on positive cross-linguistic influence (CLI)

Given the similarities between the SFP le and already, it is expected that the English-dominant learners of Chinese (HLers and L2ers) would benefit from this cross-linguistic similarity and should not experience difficulty in acquiring the semantic constraint attached to the SFP le. Our findings revealed that this positive CLI is not always present, which is consistent with previous findings in the existing literature on the absence of positive CLI in acquiring L1-L2 similar structures (Bates and MacWhinney, 1989; Papadopoulou and Clahsen, 2003; Tokowicz and MacWhinney, 2005; Jing, 2008; Sabourin and Stowe, 2008). Our findings add new evidence to the conditional nature of CLI. The structure being tested obviously played a role, as shown by our L2 learners, who demonstrated little sensitivity to the violations caused by downward-entailing duration phrases, yet performed target-like with the lower NP conditions in both online and offline tasks. Note that violations caused by the two types of structures tested in this study are subject to the same semantic constraint in (1). The L2 learners’ differential performance patterns clearly indicate that different structures under the same semantic condition in theoretical analyses could cause different problems for learners. Specifically, violations caused by the less embedded (linearly close to the target element) and semantically more transparent structures are more easily detected. This echoes the findings of Regulez and Montrul (2023) that L2 and HL acquisition are more sensitive to structural differences in the test stimuli.

So what prevents CLI from happening in this case? Despite similarities in terms of semantic meanings and conditions, the SFP le in Chinese and the adverb already in English lack apparent morphosyntactic similarity and correspondence. This adds to the difficulty for adult L2 learners to establish the necessary cross-linguistic mapping that would allow CLI to happen. In this light, positive CLI should not be taken for granted even when the L1 and L2 are similar. Furthermore, apparent morphosyntactic distance can prevent the desirable positive CLI from taking place. Pertinently, establishing the required mapping is not difficult for all Chinese-English bilinguals, which we return to in the next section.



6.3. Processing advantages of heritage bilinguals

The three groups of Chinese speakers in our study were all bilingual speakers of Chinese and English. On the one hand, the HLers and the baseline controls were both native and L1 speakers of Chinese; they differed in the onset age and context in which they acquired English and almost certainly in their proficiency in English, which was not tested in our study, representing a limitation. On the other, the HLers and the L2ers were both dominant in English; they also differed in the onset age and context in which they acquired Chinese. Although our cloze test, as a rapid and effective test for general proficiency in written Chinese, did not capture any difference between them, the HLers and L2ers did display considerable differences in the more challenging structure in our study (i.e., downward-entailing contexts).

We attribute the fast and accurate performance of the HLers to the advantage of co-activation of the SFP le and the adverb already in their bilingual representation. Conceivably, co-activation of Language A when processing Language B in bilinguals will either boost or compete with Language B. Since the L1-L2 structures in this study are subject to the same constraints, co-activating the English structure when processing the Chinese structure was more likely to boost and enhance, rather than damage or delay the processing. In our study, the HLers were early bilinguals who had been exposed to input in Chinese provided by native speakers of Chinese (from at least one of their parents) since birth as well as input in English provided by presumably native speakers of English in English-dominant contexts (UK, US, etc.). Among the three groups, the HLers stand out as the group that had the earliest and longest exposure to both languages and were probably the most balanced between the two languages. Crucially, English was added to the HLer’s linguistic repertoire at a time when their Chinese was still rapidly developing and highly dynamic and fluid. It is possible that cross-linguistic mapping between the SFP le and the adverb already was established during this early stage and remained stable and accessible in the early bilinguals.

The L2ers were late bilinguals with an onset age for Chinese of 18 years on average. They did not seem to reliably and consistently co-activate the similar L1 structure while reading the L2. This is consistent with the findings of Canseco-Gonzalez et al. (2010) in terms of the effects of type of bilingualism in bilingual co-activation. This further explains why the L2 learners had problems in the more complex downward-entailing contexts even in offline tasks. The baseline controls were monolingually raised in Chinese and late bilinguals of Chinese and English. Given that already is a high-frequency adverb in English (regardless of variety of English), they must have been exposed to this usage in the English input they had received in China. Nevertheless, they did not seem to benefit from the knowledge of the adverb already. Our findings provide further evidence of the learner factor in modulating positive CLI, contributing to the ongoing discussion on bilingualism co-activation. As a reviewer suggested, the individual learner’s processing strategies may also impact on their performance. We await further research to follow up on this issue.




7. Conclusion

This study has investigated potential positive CLI in judging and processing two grammatical structures with the SFP le by L2 and heritage Chinese bilinguals. Results of an offline judgment task and an online reading task show that positive CLI, though widely documented in the literature and desirable in this case, is not prevailing and is instead conditioned by the structure being tested (noun vs. verb phrase), the type of task administered (online vs. offline), and the type of the bilingual learner (early vs. late). Once in place, positive CLI and co-activation of L1 and L2 structures boost online processing proficiency, as evidenced in the superior performance of the heritage bilinguals in our study. Significantly, this study contributes to the discussion on CLI, particularly on the constraints affecting positive CLI, as well as early bilingual processing advantages.
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Footnotes

1   Mandarin has a perfective aspect marker le, which is homomorphous to the SFP le (Huang et al., 2009; Yan, 2023; among others). Aspect le follows a verb and appears before the object of the verb, if any (e.g., Wŏ chī le píngguŏ ‘I have eaten an apple’), whereas the SFP le occurs after the object at the clause-final position. Aspect le and the SFP le can co-occur and appear in [V-leASP-O-leSFP]. In cases where the object is grammatically omitted, the distinction is less straightforward. Therefore, in our experimental stimuli to be introduced below, the SFP le always follows an overt object of the verb [e.g., Wŏ chī píngguŏ le ‘I have eaten apples, (which is not the case before)’].

2   As suggested by a reviewer, we consulted the Center for Chinese Linguistics corpus at Peking University to evaluate the semantic restrictions in (1) in native naturalistic speech samples. We used the upward/downward-entailing elements (zhìshăo, búdào) and higher/lower NPs (dà-NP, xiăo-NP) as target words and identified 99 tokens zhìshăo + SFP le (out of 2,487 tokens including the target words) and 114 tokens of dà ~ + SFP le (out of 1,135 tokens including the target words). By contrast, no downward-entailing *búdào + SFP le was found. We also found 49 cases of lower NPs xiăo ~ + SFP le. Nevertheless, the lower NPs were all within the scope of negators (e.g., búshì xiăo háizi, ‘NEG-be a small child’), which identifies a higher point on the scale and is thus consistent with the generalization in (1).

3   Our own informants, who were monolingual speakers of Min from Zhangzhou, Xiamen, and Taiwan, identified liau in Min Chinese as the equivalent of the Mandarin SFP le.
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En-Ch Ch order “I heard from 7 that this always wears [11/11) gentleman plans to come to my house %15 next week.
» [f)-de-AUX.
Ch-En Ch order R/ Imy father/ (/M5 /2 0 /W glasses I/ T I/ % /R A, A7)/ /ave dinner,

5 Rewo-I; Wi-ting-hear from; it-shuo-say; 71 >-nage-that; & & -zongshi-always; #-dai-wear; £ t-shushu-gendeman;

Ji-xiazhou-next week; %-yao-will; ¢4 % -lai wojia-come to my home; #lI-he-with; £/ ]-women-we; —if2-yiqi-together.

Ch-En En order #10/0 Iy father/ S/ UL sehol S48 glasses/ ¥ 1/%/5 AV , /RI/ARAT/— 2 /have dinner.
Comprehension Q A gentleman is coming to my house next week, —T

The underlined and bold partis the area of interest. The talic parts are Chinese words, and Pinyin (ronunciation) and translation are under the sentences. The slash lines show the Chinese
word segmentation. The sentences with * are theoretically incorrect sentences.
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The underlined and bold parts are the arcas of interest. The talic parts are Chinese words, and Pinyin (pronunciation) and translation are under the sentences. The slash lines show the Chinese
word segmentation. The sentences with * are theoretically incorrect sentences.
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L2 18 2322) 18(4.6) 60 (37.8) 38.1 (47.4) 313(18)
HL 19 2(29) 0 187 (102.3) 23.2(289) 33.2(24)
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L2learners
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Condition [be-higher NP-lecss] 053 0.13 422w
Group Baseline -053 016 —3310
Group HL 083 016 270
Condition [be-higher NP-leg : Baseline 118 015 7.66%%
Condition [be-higher NP-Jeay]: HL -020 0.15 -131
HL learners
(Intercept) 359 012 3048%4%
Condition [be-higher NP-Jeqy 033 012 269
Group Baseline -136 0.16 —8.63*
Group 12 ~082 0.16 —5.27%
Condition [be-higher NP-le 138 015 9,07+
Condition [be-higher NP-le 0.20 015 131
Baseline
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Condition [be-higher NP-leg;] 171 013 13,6644
Group HL 136 0.16 8630
Group L2 053 016 3310
Condition [be-higher NP-leqy): HL -138 015 —9.074%
Condition [be-higher NP-leqy): L2 ~L18. 015 7664+

Reference level for condition = */7[be-lower NP-leay], Model formula for baseline groups ratings ~ condition + group + condition:group + (1 | subject)+ (1 | item), Model formaula for HL group:
ratings ~ condition + group+ condition:group + (1 | subject) + (1 | tem), Model formula for L2 group: ratings ~condition + group + condition:group-+ (1 | subject)+ (1 | item); **#p<0.001,
*p<0.01, *p<0.05.






OPS/images/fpsyg-13-1083574/fpsyg-13-1083574-igr0003.jpg





OPS/images/fpsyg-14-1145493/fpsyg-14-1145493-t003.jpg
SE '

HLlearners

(Intercept) 296 016 18,034
Condition [V-lexs-Durationu-feser] 053 0.20 257%
Group Baseline -082 020 —41gr
Group L2 037 020 1.90¢
Condition [V-leyy-Durationyy-leye : Baseline 102 023 4230
Condition [V-ley-Durationyrlegs): L2 -051 023 —223*
Baseline
(Intercept) 214 017 12,784
Condition [V-leyg-Durationy-leg] 154 021 7404+
Group HL 082 020 418
Group 12 119 020 6004
Condition [V-leysr-Durationy-lese): HL -102 023 — e
Condition [V-les-Durationc-less]: 12 -153 023 —6.57%

Reference level for condition = */7[V-lesy- Durationyoux-lessy], Model formula for baseline group: ratings ~ condition + group + condition:group + (1 + condition | subject) + (1 | item), Model
formula for HL group: ratings ~ condition + group + conditionsgroup + (1 + condition | subject)+ (1 | item); #*%p<0.001, *p<0.05, #p<0.1.





OPS/images/fpsyg-13-1083574/fpsyg-13-1083574-igr0004.jpg





OPS/images/fpsyg-14-1145493/fpsyg-14-1145493-g001.jpg
Mean Ratings

L2

HL Baseline
group

condition
[be-NPyygrez]
[be-NPyygpp-lesy)]

[be-NPyower]
[be-NPyower-lesrp]





OPS/images/fpsyg-14-1145493/fpsyg-14-1145493-g002.jpg
Mean Ratings

2 HL Baseline
group

condition

V-lepsp-Durationy]

[
[V-lesp-Durationy-legep]
[V-lesp-Durationpoya]

[

V-l pp-Durationpoun-leser]





OPS/images/fpsyg-14-1145493/fpsyg-14-1145493-g003.jpg
£
3
g
3
2

300
200
100

-100
-200
-300

300
200
100

-100
=200
-300

L2 Group

HL Group

Baseline Group

-~
-
w1 w2 w3
Xidoming shi | danénhdi/

xidonanhai

Xiaoming | COP | bigboy/
small boy

@ [be-NPHIGHER-le SFP]

w4

w5 w6
Lyigeai hiohio

should well

[be-NPLOWER-IeSFP]

w7

Xuéxi.

study





OPS/images/fpsyg-14-1145493/fpsyg-14-1145493-g004.jpg
L2 Group

HL Group

Baseline Group

-
e L

w1 w2 w3 w4 w5 W6 w7 w8 w9

Xidowdng zai zhér zhu le | zhishdo/ | winidn At féiching = xihuan zhér.
*bidio le

Xiaowang PREPhere | live PERF | atleast/ | fiveyears  35G very like here

less than LE

=@ [V-leASP-DurationUP-IeSFP] = @ = [V-leASP-DurationDOWN-1eSFP]





OPS/images/fpsyg-14-1142128/fpsyg-14-1142128-t001.jpg
L2 prticipants (n = 491)

L1 participants (n = 240)

K1 (n = 142) K2 (n = 176) K3 (n = 173) K1 (n = 54) K2 (n = 102) K3 (n = 82)
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(E) Matching pictures to sounds |Sound to meaning |  0.86  |—6.67-10.67| 0.78 (3.45) |—5.33-26.67| 6.76 (7.90) |—5.33-33.33| 14.05(9.67) | 0.92 |—4.00-34.67  19.04(10.07) |—2.67-36.00 27.07 (9.12) |20.67-36.00 | 31.22 (3.81)
(F) Identifying character forms |Sound to form 075 | —8.00-8.00 | 0.19 (2.85) |—8.00-28.00| 3.02 (6.24) |—6.67-28.00 7.17 (8.48) 094 |—533-3467| 5.04(8.35) |—4.00-36.00| 16.25 (10.81) | 5.33-36.00 | 26.96 (8.00)
to sounds
0.97 —18.67- | 244 (8.91) | —13.00- 26.32 —9.00- | 60.51(47.35) | 0.99 |1.00-208.17 | 70.05(39.95) | 35.00- |129.03 (49.86)| 81.83- 176.24
59.33 147.33 (35.39) 184.50 212.00 214.67 (35.87)

Data for subtests A and C (open-ended) were raw scores and data for subtests B, D, E, and F (multiple choice) were adjusted for random guessing. Subtest maximum score was 36, and the maximum composite score was 216. L1, first language; L2, second language;

Rel, reliabilities.
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K1 K2 K3 Level x Lang |Interaction contrast estimate
interaction between level
M 95% ClI M 95% ClI M 95% ClI F-value K2-K1 K3-K2
(A) Picture L2 1.84(0.59) | 0.67,3.00 | 8.35(0.53) | [7.30,9.39] | 15.71(0.54) | [14.65, | F711) = 18.76"%* —2.22(1.42) —6.04 (1.28)
naming 16.77] p < 0.001 [—5.00, 0.56] [—8.56, —3.53]
(Meaning to 1,2 =0.050 Pz = 245 Fny = 2227
Sound) p=0.118 p <0.001
L1 2877 (0.95)| [26.89, |33.06(0.70)| [31.68, |34.37(0.78)| [32.85, 0,2 =0.003 1,2 =0.030
30.64] 3443 35.90] g g
L1-L2 [2693(1.13) [2471, |2471(0.88)| [22.98, |18.67(0.95)| [16.80,
29.15] 26.53] 20.53]
p < 0.001%* p < 0.001%* p < 0.001%*
(B) Identifying  |L2 044 (0.70) | [—091, | 3.00(0.59) | [1.83, 4.16] | 9.13(0.60) |[7.95,10.30] | F(z g0s) = 37.38*** 10.03 (1.60) 4.05 (1.42)
character forms 1.81] p <0.001 [6.88,13.17] [1.27,6.84]
from pictures an =0.097 F(1,694) =39.13*** F(1,694) = 8.16**
{omntgre: [1 5.32(1.08) | [3.20,7.44] [17.90(0.77) | [16.38, |28.08(0.86)| [26.40, <0001 =0.004
form) _ _ | 1941] | 29771 1,2 = 0.053 1,2 =0.012
L1-L2 4.88 (1.30) | [2.34,7.42] | 14.90 (0.98) [12.99, 18.96 (1.05) [16.90,
16.82] 21.02]
p < 0.001%* p < 0.001%* p < 0.001%*
(C) Character  |L2 019 (0.58) | [—096, | 2.59(0.52) | [1.57,3.62] | 7.18(0.53) | [6.14,8.21] | F(y70a = 58.77*** 9.26 (1.40) 6.33 (1.25)
reading (form to 1.34] p <0.001 [6.51, 12.00] [3.87, 8.79]
sound) T]P2 =0.143 F(1,704) =43.80* F(1,704) =25.53%6¢
p <0.001 p <0.001
np? =0.059 n,% =0.035
L1 5.05(0.95) | [3.19,6.91] | 1671 (0.68) | [15.37, |27.63(0.76) | [26.14,
18.05] 29.12]
L1-12 | 486(1.12) | [2.66,7.06] | 14.12 (0.86) | [12.42, |20.45(0.93)| [18.62,
15.81] 2227
P < 0.001%* P < 0.001%* P <0001
(D) Matching  |L2 —0.94(0.72)| [<236, | 2.33(0.63) | [1.10,3.57] | 7.49 (0.64) | [6.24,8.75] | F(yg00) = 34.48*** 7.73 (1.69) 6.65 (1.52)
pictures to 0.48] p < 0.001 [4.42,11.05] [3.67,9.63]
character forms an =0.091 F(1,600) = 21.01"** | F(y g90) = 19.21"**
- L1 530 (1.13) | [3.07,7.52] |16.30(0.83) | [14.68, |28.11(0.92)| [26.31, p <0.001 <0001
meaning) 17.92] 2991] 1p% =0.030 1% =0.027
L1-L2 | 623(1.35) | [3.58,8.89] | 13.97 (1.04) | [11.92, |20.62(1.12)| [1841,
16.02] 22.83]
P < 0.001%* P < 0.001%* P <0001
(E) Matching  |L2 1.02(0.68) | [—031, | 6.89(0.59) | [5.73,8.06] | 14.19 (0.60) |  [13.00, F(2,699) = 2.65 224 (1.59) —321(1.43)
pictures to 2.36] 15.37] p=0071 [—0.88, 5.35] [0.40, 6.01]
sounds (sound to np? =0.008 F1,699) = 1.99 F(1,699) = 5.04*
meaning) p=0.161 p=0.025
L1 18.67 (1659, |26.78(0.78)| [25.25, |30.87(0.86)| [29.17, 1,2 = 0,003 2 =0.007
(1.06) 20.76] 28.32] 32.56]
L1-L2 17.65 [15.16, 19.89 (0.99) [17.96, 16.68 (1.06) [14.60,
(1.27) 20.15] 21.82] 18.76]
p < 0.001%* p < 0.001%* p < 0.001%*
(F) Identifying  |L2 020(0.67) | [—112, | 3.02(0.58) | [1.89,4.16] | 7.17(0.85) | [6.02,8.32] | F(s,e08) = 43.79°* 8.38 (1.56) 6.57 (1.40)
character forms 1.52] p <0.001 [5.33, 11.44] [3.82,9.31]
to sounds (sound np2 =0.111 F(1,608) =28.98*** | F(1,¢98) = 22.06™*
to form) p <0.001 p <0.001
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p < 0.001%* p < 0.001%* p < 0.001%*

L1-L2 = pairwise comparisons between L1 and L2 learners; Level x Lang = interaction between level and language group; school types were evaluated as model covariates; mean differences

were based on estimated marginal means; 95% confidence intervals are in square brackets; standard errors are in parentheses. CI, confidence interval; 1,2, partial eta squared.
*p < 0.05,*p < 0.01, **p < 0.001.
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C on  Example sentence

AN | AT |1 KSR |0 1T ERT
Zhang | was taking | ut | fruit | de (fnctional word) [knife |
NORM ‘came over.

(Zhang was coming over with the knife which is used to cut

fruits)
AN | R | U | KR |0 [R5 R T
Zhang | was taking| cut | ruit | de (functional word) |piano |
SEM ‘came over.
(Zhang was coming over with the piano which is used to cut
fruit
AN | AT || AR 2 DR T
Zhang | was taking | cut | ruit | de (functional word) [hold |

SEM +SYN ‘came over.
(Zhang was coming over with the hold which is used to cut
fruits)
NG| T | T | B | IR

Filer Zhang | took | away | children | de (functional word) [toy | was
very happy.
(Zhang was very happy to take away the childrens toy:)

NORM: semantically and syntactically normal. SEM: semantic violation. SEM + SYN: double

violations. Examples are given in Chinese, with English lteral glosses and translations below.
The critical words are in bold.
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Learning discourses in the learning phase

Concrete Abstract condition
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AHEHCRZ IR R P TURS IR H R, KRR
SUERE, SERIE AR SR O R T 55 A

ot LR~ RFIEER T To a scientist wining the Nobel prize is the highest
Rt liyun. Everyone is trying hard to win this highest

Alitde tadpole grows up  liyun.
into a yudun. Right now on
alotus leaf there is a yudun

catching insects.

Targets in the lexical decision task

Concrete condition  Abstract condition
Corresponding concept 4k (frog) ¢4 (honor)
(o)
Thematically related word I (paddy) 7 (applause)
(TR)
Unrelated word (UR) HEF(pants) ik (statement)
Pseudoword 7 fi(gong dian)
Pseudoword L1 (shen jin) FEHE (mu wang)
Pseudoword St (quan kui) Jifi(xie bo)

The original stimuli are Chinese folowed by English translations. The novel words are in
boldface in the discourses.
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Corresponding concept Thematically related word Unrelated word

Abstract Concrete Abstract Concrete Abstract Concrete
Relatedness - - 597 (047) 595 (0.63) 203(038) 186 (0.50)
Concreteness 273(0.56) 6.15(0.55) 274(064) 595 (0.61) 253 (0.42) 603 (0.55)
Valence 455 (0.95) 457 (081) 4.62(083) 4.45 (1.00) 4.24(054) 455 (071)
Arousal 361(0.87) 3.43(0.80) 3.50 (096) 343 (1.00) 3.37(096) 3.45(1.18)
Word frequency 252(0.89) 257(097) 262(034) 226 (0.75) 234 (086) 251(073)
Number of strokes 1672 (5.10) 1561 (4.77) 16,89 (5.19) 17.06 (4.87) 1609 (4.08) 17.00 (3.62)
Cloze probability $1.06% (20.86%) 80.80% (21.60%) 0 0.25% (1.45%)
Inferring probability 96.72% (5.49%) 96.97% (4.57%) 0 1.52% (8.70%)

Cloze probabiliy represents the proportion of the participants who gave the target words to complete the frstsentences which were presented without the last words. Inferring probability
represents the proportion of the participants who gave the target words as the meaning of novel words. SD: standard deviation.
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“Target condition 1662.07%+% 146 0.85 0.23 1.03 0.50
Conceptual

152 1502.16%** 0.17 0.16 0.02 <0.001
concreteness

‘Target condition by
Conceptual 051 132 172 031 224 083
concreteness

The dfs of target condition and the interaction between target condition and conceptual concreteness are (1, 64) for reatedness, and (2, 128) for other properties. The df of conceptual
concreteness s (1, 64) for all the properties. *** Significant at.001 level,
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MEBL, RRORFLUEBLH,

In China, we often say "goodbye" when we get parted from cach other. "Goodbye" is a very interesting word. Its
literal meaning is "sce you again". Therefore, when people say "goodbye", they actually hope to see you again.

‘B HIFE ARHE ? When does "goodbye" appear?

A 34T shut off the light B JLE meet C BEFF leave
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My younger sister’s name is Wang Xin. She () loves singing, () loves dancing.
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Example
pNhEs A AT KRR KU HR YRR

Predictable word (CP) ). Davids birthday gift o her mother
especially touched her.

Constraining context- K PIEE BI04 F R L AR

Unpredictable word (CU) #j. David’s birthday card to her mother
especially touched her.

Neutral context- Predictable A FLA LM A B . When

word (NP) T saw this gift, 1 was very surprised.

Neutral context- Unpredictable TAFEA TSI IRAEH BT . When
word (NU) 1 saw this card, T was very surprised.

The target word is underlined.
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ons The

rst The second The third The fourth The fifth

character character character character
cp 242 (132.70) 233 (122.19) 240 (135.01) 237 (12837) 238 (134.01)
NP 302(71.64) 317(94.64) 311(7134) 307 (71.09) 308 (70.94)
cu 298 (63.71) 306 (87.54) 299 (68.21) 301 (66.56) 304(70.22)
NU 250 (147.87) 246 (140.97) 243(133.88) 242 (133.99) 239 (133.12)
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ons The first The second The third The fourth The fifth
character character character character

cp 566 (195.88) 537(205.49) 543 (210.18) 540 (203.24) 528 (196.48)

NP 646 (182.27) 685 (174.89) 666 (153.96) 642 (167.26) 648 (183.65)

cu 673(199.38) 718 (198.23) 620 (158.43) 628 (157.89) 631(148.79)

NU 528 (183.28) 568 (199.04) 569 (208.89) 530 (201.54) 526 (189.09)
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Predictors otal effect Indirect effect
Chinese reading Orthographic knowledge 0.03 - 0.03
Vocabulary 0.19 - 019
Syntactic knowledge 0.26 - 026
Morphological awareness 0.46 - 046
Working memory 041 - 041
Inference making 0.46 046 -

Comprehension monitoring 041 041 -





OPS/images/fpsyg-14-1143062/crossmark.jpg
(®) Check for updates






OPS/images/fpsyg-14-1143062/fpsyg-14-1143062-g001.jpg
L1 CPz

L2 CPz

M S

RAe

257WV

-200 2_501

200





OPS/images/fpsyg-14-1143062/fpsyg-14-1143062-g002.jpg
L1

N400 N400

Pz
X P600 ! X P600
25 Tu\' === NORM

—— SEM
e SEM4SYN

200 250]_ 200 400 600 800 ms





OPS/images/fpsyg-14-1131913/fpsyg-14-1131913-t001.jpg
i i i i f PO
M (SD) Orthographic Vocabulary Syntactic Morphological Working Ini erence Monitoring Chinese
knowledge knowledge knowledge memory making reading
Orthographic
e 1064(177) I
knowledge
Vocabulary 985 (1.64) 0.36%* 1
Syntactic knowledge  10.31 (1.53) 0.24%% 0.15% 1
Morphological
10032.21) 0.69%% 0427 034+ 1
knowledge
Working memory 2541(183) 0.54%% 054% 0.48%% 061 1
Inference making 562(1.71) 0457 0217 0.18%% 0.66% 0385 1
Monitoring 539(1.89) 0.46"* 0567 050" 059" 053+ 0304 1
Chinese reading 0.16% 0.24%% 026" 064 0.66°* 063 0.64%% 1
1584 (1.78)
Skewness 0.65 ~057 -079 -077 -17 041 -07 054
Kurt 054 0.08 019 021 094 055 023 032

P<0.05; *2p<0.01; *+p<0.001.
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Measures L2 Chinese Reading Comprehension

AR?
Orthography 001 0.03 0.01% 001
Vocabulary 006 0.03 0.05* 0.04
Syntax 006 0.03 005+ 005 "
Morphology 033 0.04 0.40% 023
Working memory 023 0.05 0227% 017
Inferencing 025 0.05 023 016
Monitoring 023 0.05 0217+ 014

P <0.05 *p <001,
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pre-critical critical
wi w2 w3 w4 ws
*Xidowing Jzai zhex Jzhule Ibidao Jwinidn le
iaowang PREP here live PERF less than Syears LE

“Xiaowang has lived here for less than 5 years, he likes it here very much.

Comprehension sentence: Xidowdng méi zai zhér zhi (Xiaowang does not live here)

Expected response: Incorrect

Ist post-critical
w6
L@

356

2nd post-critical

w7

[féiching

very

w9

I 2her,
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Xidowing Iz zher Jzhile
Xiaowang PREP here live PERF

Comprehension sentence: Xidowing

Expected response: Correct

pre-critical
Wi
Jzhishio

atleast

iaowang has lived here for at least 5years, he likes it here very much?

wan zhér (Xiaowang likes it here)

critical

w5

Jwimidn le

Syears LE

Ist post-critical

w6

It

2nd post-c
w7
Ifeiching

very

ws

Ixihuan

like
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pre-critical  critical 1" post-critical - 2 post-critical

wi w2 w3 Wi ws w6 w7
Xidoming /$hi  /xidonanhai /1€ /hiohdo Fxuéi
Xiaoming COP smallboy ~ LE  should well study

Intended: ‘Xiaoming is a small boy, and he should study hard!
Comprehension sentence: Xifoming bishi xidondnhdi (‘Xiaoming is not a small
boy)

Expected response: Incorrect
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pre-critical critical  1st post-critical - 2nd post-critical

wi w2 w3 wa o ws w6 w7
Xifoming /shi /dininhdi fle /yinggii Ihdohdo Ixuési.
Xiaoming COP bigboy ~ LE  should well study

“Xiaoming is a big boy already; he should study hard:

Comprehension sentence: Xidoming biyinggii hiohdo xuéxi (Xiaoming should not

study hard’)

Expected response: Incorrect
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V'V and /= significant results at and under 0.05 and 0.10 levels respectively; X =non-
nificant results; i ity than baseline.
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Fixed effects

Predictors Estimates SE t
HL learners
(Intercept) 6876 48.01 143
Condition [V-lexg-Durationu-leser] ~10297 61.97 —1.66%
Baseline
(Intercept) 11067 3698 299+
Condition [V-leysy-Durationgy-leser] ~10092 5229 —193¢

Reference level for condition = */2[V-leys-Durationgo-less), Model formula for baseline
group: RT ~ condition, Model formula for HL group: RT ~ condition + (1 | subject;
*p<0.01, #p<0.1
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Fixed effects

Predictors Estimates SE t
L2 learners
(Intercept) ~105.21 7394 -142
Condition [be-NPuusrcless] | ~82.69 46.16 -1.79¢
HL learners
(Intercept) -82.14 2975 -276%*
Condition [be-NPyrrclesr] | ~80.68 4207 -192¢
Baseline
(Intercept) -53.81 19.48 —276*
Condition [be-NPuguerclesr] | —46.50 18.65 —2.49%

Reference level for condition = */7[be-NPyoue-lesee), Model formula for baseline group:
RT~condition + (1 | subject), Model formula for HL group: RT~ condition, Model formula
for L2 group: RT ~ condition -+ (1 | subject)+ (1 | item); ##p<0.01, *p <0.05, #p<0.
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Video-based absolute —0.97+%

accuracy: video difficulty

Video difficulty: Chinese 342%
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Chinese language
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absolute accuracy:
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R*=0,5264, F(5, 70) = 15.56, *p<0.05, **p<0.01, ***p<0.001.
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*p <0.05, **p <001, ***p <0001

L2 (N=34)

Mean
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Low Frequency TFHEBSE (qian-sheng-wan-si)  Vary dangerous situation 1,764 24
Pseudo-idiomatic constructions TA7 8§38 (qian-zhu-wan-jiu) (1 k-bamboo-10k-wine] 0.46 16

Not construction-based idioms WAL (long-fei-feng-wu) Lively in calligraphy 15,252,792 16
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Mid-Cingulate Cortex (dorsal Anterior Cingulate Cortex) 1 2 64 329 0 1 38
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High frequency idiomatic constructions w frequency idiomatic constructions

T4 ¢ Qian-bian-wan-hua Constant permutations Ll Qian-chou-wan-hen Deep hatred

T3 7% Qian-xin-wan-ku Much hardship T# # Qian-huan-wan-xi Extremely happy
T4 Ik Qian-nian-wan-zai A very long time F 718 Qian-dao-wan-duo A 1,000 cuts and myriad pieces

15 Qian-jun-wan-ma A huge army TFH 1k Qian-bian-wan-zhuang Have much variety

Fuli i Qian-shan-wan-shui Along and arduous journey T34 Qian-duan-wan-xu ‘With many thoughts in mind
FUT 2% Qian-ding-wan-zhu Exhort repeatedly F#% Qian-zhuan-wan-bian Constant permutations
F 2453 Qian-cha-wan-bie Completely different T8 -wan-tai Beautiful appearance and figure
T4 85 Qian-jia-wan-hu Every family T+ 8% Qian-cun-wan-luo Many villages
A Qian-nan-wan-xian Many hazards and difficulties wan-shun Always obedient
FJUHHE Qian-zhen-wan-que Absolutely true 15 Qian-bian-wan-tai Constant permutations
L3 Qian-en-wan-xie ‘Thank again and again I Qian-si-wan-li Think or consider repeatedly
TSR Qian-tai-wan-zhuang. Have much variety TR Qian-zhi-wan-pai Many (philosophical, martial, etc.) sects
T3 Qian-feng-wan-huo Many mountains and valleys T 4518515 Qian-bing-wan-ma Ahuge army

TH Mt Qian-giu-wan-shi A long, long time. T[6] 4 #% Qian-hui-wan-zhuan Go through ups and downs
FI8 Qian-men-wan-hu Abig house or lots of inhabitants 824 Qian-zhang-wan-ju Many phrases and articles

T 51 Qian-hu-wan-huan Call repeatedly {141 Qian-cang-wan-xiang Massive storage of food

F1l1 4% Qian-shan-wan-huo Many mountains and valleys AL Qian-tui-wan-zu Do everything to decline
#4442 Qian-tiao-wan-li Many threads T4 4% Qian-xu-wan-duan ‘Tangled thoughts

T 1% Qian-sheng-wan-ji Lots of carriages and cavalry T4 8 5E Qian-sheng-wan. Very dangerous situation

45 3 Qian-yan-wan-yu Have many words o say TR AL Qian-ling-wan-dai Generation after generation
F 718 Qian-dao-wan-gua A 1,000 cuts and myriad pieces i iR Qian-hui-wan-zhuang Have much variety

T4 Qian-tou-wan-xu So many thoughts in one’s mind T8 Qian-yan-wan-shuo Have many words to say
414 Qian-tiao-wan-lia Tangled connections 240 Qian-tuo-wang-dang Very appropriate

B Qian-giu-wan-su Along, long time TR

ian-yan-wan-gu A group of mountain ranges





OPS/images/fpsyg-14-1134229/crossmark.jpg
(®) Check for updates






OPS/images/fpsyg-14-1112611/fpsyg-14-1112611-g003.jpg
Percent Correct

Accuracy rates

Native speakers

M constructional

‘mpseudo-constructional

A

L2 learners

Enon-constructional






OPS/images/fpsyg-14-1112611/fpsyg-14-1112611-g004.jpg
Reaction times

mln llﬂ

Native speakers L2 learners

W constructional Wpseudo-constructional Bnon-constructional





OPS/images/fpsyg-14-1112611/fpsyg-14-1112611-g005.jpg
High-frequency > Low-frequency

Mid-Cingulate Cortex
(dACC, BA32)

Mid-Cingulate Cortex
(dPCC, BA31)

o zvale #





OPS/images/fpsyg-14-1112611/fpsyg-14-1112611-g006.jpg
“Temporal Pole (BA 38)





OPS/images/fpsyg-14-1112611/fpsyg-14-1112611-g002.jpg
3000ms

nter-tnal jitter

0~1800 18 (mear:900 ms)

FHEER

(gian-jun-wan-ma)

RETEHEAIE

(a huge army)

. 3






